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LETTER  OF  TRANSMITTAL. 

To  His  Excellency,  Hon.  Henry  D.  Hatfield,  Governor  of  West 

Virginia,  and  President,   West  Virginia  Geological  Survey 

Commission: 
Sir: 

I  have  the  honor  to  transmit  herewith  the  Detailed  Report 
with  accompanying-  topographic  and  geologic  maps  on  the 
Counties  of  Jefferson,  Berkeley,  and  Morgan.  Together  they 
comprise  an  area  of  768^  square  miles,  known  as  the  "Eastern 
Panhandle",  which  projects  eastward  beyond  the  main  body 
of  the  State  between  the  boundary  lines  of  Maryland  on  the 
north  and  of  Virginia  on  the  south,  in  a  manner  similar  to 
that  of  the  Counties  of  Ohio,  Brooke,  and  Hancock  whose 
area  constitutes  the  "Northern  Panhandle"  of  West  Virginia, 
projecting  in  a  long  narrow  wedge  between  the  States  of  Ohio 
and  Pennsylvania. 

This  is  the  first  of  the  Detailed  County  Reports  to  be 
published  on  areas  lying  east  from  the  Alleghany  Mountains, 
just  ten  years  after  the  first  County  Report  of  the  Survey  had 
been  issued  on  the  three  counties  (Ohio,  Brooke,  and  Han- 
cock) of  the  Northern  Panhandle.  Many  citizens  residing 
eastward  from  the  Alleghanies  have  thought  that  their  min- 
eral and  other  economic  interests  were  being  neglected  by  the 
State  Survey  in  favor  of  the  areas  lying  west  from  the  Alle- 
ghanies, not  knowing  that  causes  entirely  be}rond  the  control 
of  the  State  Geological  Survey  Commission,  or  the  State 
Geologist,  had  operated  to  confine  the  detailed  work  of  the 
Geological  Survey  to  the  western  portions  of  the  State.  This 
delay  in  beginning  county  surveys  east  of  the  Alleghanies  was 
due  to  the  fact  that  no  accurate  topographic  maps  covering 
entire  counties  easl  from  1  lie  Alleghanies  were  available,  and 
uitlv.ut  BUch  maps  .'is  a  base  upon  which  to  delineate  geologic 
data,  all  geologic  work  is  practically  lost  so  far  as  its  preser 
ration  and  usefulness  to  the  citizens  of  the  area  involved  are 
i  on<  erned. 
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As  it  happened,  when  the  cooperative  topographic  survey 
of  the  State  was  inaugurated  in  1901,  the  State  of  Ohio  had 
just  begun  cooperative  topographic  mapping  along  its  south- 
ern or  common  boundary  of  Ohio  and  West  Virginia,  and  as 
the  quadrangle  units  (one-fourth  degree  square)  which  the 
Government  Survey  uses,  pay  no  attention  to  State  Lines,  it 
was  necessary  that  the  West  Virginia  Commission  accede  to 
the  request  of  the  Ohio  State  Commission  for  cooperation  in 
the  Survey  of  the  quadrangles  that  intersect  the  common 
boundary,  or  else  lose  many  thousands  of  dollars  in  the  cost 
of  the  work  along  the  region  of  the  Ohio  River  in  taking  up 
the  Survey  of  partially  completed  quadrangles  at  a  later  date. 
The  Superintendent  of  the  West  Virginia  Survey  could  not 
consent  to  this  waste  of  funds  and  time,  since  economy  and 
efficiency  have  been  the  watchwords  ever  since  he  was  placed 
in  charge  of  the  State  Survey's  activities  in  1897,  and  hence 
as  the  work  of  a  topographic  survey  must  spread  outward 
from  points  where  it  begins  in  order  to  accomplish  its  objects 
in  an  economic  and  efficient  manner,  there  was  no  choice  left 
but  to  continue  the  work  eastward  from  where  it  first  began 
(along  the  Ohio  River),  thus  leaving  the  counties  bordering 
the  State  of  Virginia  as  the  last  ones  to  be  surveyed  topo- 
graphically as  well  as  geologically.  This  explanation  is  due 
the  citizens  of  these  eastern  border  counties  who  now  for  the 
first  time  will  receive  a  volume  of  Reports  and  Maps  prepared 
by  the  Survey  on  three  of  these  eastern  counties,  since  the 
cooperative  topographic  Survey  of  the  State  had  made  such 
progress  eastward  that  it  reached  the  border  of  Virginia  at 
the  southwestern  portion  of  the  same  along  the  McDowell  a^d 
Mercer  County  Lines  four  years  ago,  and  hence  during  the 
season  of  1914  a  corps  of  topographers  was  put  in  the  field  to 
complete  the  surveys  of  Jefferson,  Berkeley,  and  Morgan 
Counties,  about  half  of  whose  areas  had  already  been  covered 
several  years  ago  by  the  U.  S.  Geological  Survey  in  a  resurvey 
of  quadrangles  which  overlapped  from  Maryland  into  West 
Virginia,  without  cost  to  the  latter.  There  are  many  compen- 
sations which  come  to  the  counties  whose  surveys  come  last 
in  any  State,  since  the  character  of  the  surveys  themselves 
tends  constantly  to  improve  in  accuracy  and  in  the  addition 
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of  new  features  over  those  employed  by  the  Government  in 
its  topographic  work  10  to  15  years  ago.  Then,  too,  in  the 
case  of  the  three  counties  to  be  described  in  this  volume,  the 
delay  enabled  the  Survey  to  secure  the  valuable  services  of  a 
former  Assistant  of  the  Survey  who  had  left  it  in  1910  for  the 
more  profitable  field  of  private  economic  and  professional  ser- 
vice, and  who  for  five  years  had  resided  at  Martinsburg  in  the 
center  of  this  Eastern  Panhandle  area  which  was  also  the  cen- 
ter of  his  private  economic  work  that  had  given  him  already 
great  familiarity  and  knowledge  of  all  the  geologic  formations 
and  strata  of  the  region.  Therefore  it  was  very  fortunate  not 
only  for  the  economic  interests  of  these  three  counties  but  also 
for  the  State  as  well  that  Dr.  G.  P.  Grimsley  consented  to  give 
a  large  portion  of  his  valuable  time  to  the  preparation  of  the 
Detailed  County  Report  herewith  submitted  for  publication. 
Dr.  Grimsley  has  devoted  many  years  of  time  to  the  study  of 
limestone  deposits,  and  no  one  in  the  country  is  better  pre- 
pared to  classify  and  describe  them.  Hence  the  present  vol- 
ume describing  an  area  in  which  probably  exist  the  greatest 
and  most  valuable  deposits  of  limestone  and  dolomites  to  be 
found  in  any  like  area  of  the  United  States,  to  say  nothing  of 
glass-sands,  iron  ores,  and  other  minerals,  should  prove  of 
vast  economic  importance  not  only  to  the  Eastern  Panhandle 
but  to  the  entire  State  as  well. 

The  immense  thickness  of  these  "Valley  Limestones", 
amounting  with  their  included  shales  to  approximately  10,000 

is  a  revelation  to  most  people,  since  prior  to  this  detailed 
study  of  them  they  were  not  supposed  to  be  more  than  5,000 
to  6,000  feet  thick. 

The  estimate  of  Prof.  Grimsley  on  page  474  of  this  volume 
for  the  quantity  of  very  "low  silica  limestone"  available  down 
to  a  depth  of  only  100  feet  from  only  one  of  the  geological 
horizons;  viz,  the  Upper  Stones  River  beds,  at  458,000,000 
only  a  fraction  of  the  enormous  tonnage  of  pure  lime- 
stones and  dolomites  thai  can  be  marketed  from  Jefferson  and 
Berkeley     I  ounties,    while   the   quantity    of  other   limestones 

d  in  indu  trj  and  of  highesl  grade  glass-sands  available 
from  Morgan  County  ledges,  is  beyond  computation. 

The  impure  semi  anthracite  coals  <>f  Berkeley  and   M!or 
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gan  Counties,  occurring  in  the  Pocono  Formation  below  the 
true  Coal  Measures,  are  not  now  commercially  valuable,  but 
a  century  or  two  hence  when  most  of  the  easily  won  coals  of 
the  Appalachian  fields  will  be  approaching  exhaustion,  these 
impure  coals  of  Berkeley  and  Morgan  may  become  of  consid- 
erable fuel  value. 

The  horticultural  industries  of  this  Eastern  Panhandle 
area  have  grown  immensely  in  value  within  the  last  few  years, 
some  of  the  largest  and  finest  apple  orchards  in  the  country 
being  located  in  this  region,  the  apples,  peaches,  plums,  pears, 
and  other  fruits  produced  in  these  counties  being  excelled  by 
none. 

The  entire  region  described  in  this  Report  is  replete  with 
historic  interest.  Harpers  Ferry,  famous  alike  for  its  scenic 
beauty  and  as  the  site  of  John  Brown's  raid,  the  real  begin- 
ning of  the  late  Civil  War,  Charlestown,  named  after  a  brother 
of  President  Washington,  where  descendants  of  his  brothers 
still  reside,  the  mineral  springs  of  Morgan  County  highly 
prized  since  colonial  times  for  their  health-giving  waters,  and 
Shepherdstown  on  the  Potomac,  celebrated  as  the  place 
where  Rumsey  propelled  the  first  steamboat  of  the  world,  are 
all  within  the  area  of  the  Eastern  Panhandle. 

To  brother  geologists  some  of  the  names  used  in  this 
Report  for  the  classification  of  geological  formations  may 
seem  like  returning  to  discarded  times,  but  as  these  old  and 
well-defined  names  of  geologic  formations  first  used  by  the 
Nestors  of  the  Science  in  New  York,  Pennsylvania,  and  Vir- 
ginia, are  perfectly  recognizable  in  West  Virginia,  the  law  of 
priority  must  govern,  and  hence  neither  Dr.  Grimsley  nor  the 
Director  of  the  West  Virginia  Geological  Survey  can  find  any 
valid  reasons  for  substituting  new  and  indefinite  terms  for  old 
and  well-named  geologic  formations,  and  therefore  these  new 
names,  introduced  without  sufficient  evidence  of  their  neces- 
sity or  of  detailed  studies  of  the  rock  formations  they  were 
intended  to  represent,  will  not  appear  in  West  Virginia's 
geological  classification  of  the  sedimentary  beds. 

I.  C.  White,  State  Geologist. 
Morgantown,  W.  Va., 

December  30,  1916. 
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AUTHOR'S  PREFACE. 

The  County  Reports  so  far  issued  by  the  West  Virginia 
Geological  Survey  have  been  descriptions  of  areas  in  the  cen- 
tral and  western  portions  of  the  State,  where  the  most  valuable 
mineral  resources  are  coal,  oil,  and  gas ;  and  their  geology,  to 
a  large  extent,  has  been  confined  to  the  Carboniferous  period. 

The  present  Report  is  on  an  area  beyond  the  mountains, 
on  the  three  counties  which  form  the  extreme  northeastern 
corner  of  the  State,  where  the  valuable  minerals  are  no  longer 
coal,  oil,  and  gas,  but  limestones  and  sands.  The  geology 
dates  further  back  in  time,  and  includes  formations  from  the 
oldest  or  crystalline  rocks  up  into  the  early  Carboniferous. 

The  preparation  of  the  first  of  the  County  Reports  of  the 
State  was  allotted  to  the  writer  in  1905,  on  the  Northern  Pan- 
handle Area,  including  the  Counties  of  Ohio,  Brooke,  and 
Hancock.  After  a  period  of  ten  years,  it  seems  almost  a  co- 
incidence to  have  the  privilege  and  pleasure  of  the  preparation 
of  the  Eastern  Panhandle  Report  on  an  area  in  which  the 
writer  has  spent  nearly  seven  years  in  the  development  and 
actual  operation  of  the  limestone  industry. 

The  Eastern  Panhandle  Area  is  the  oldest  part  of  the 
State  in  its  geology,  and  also  in  its  history,  rich  in  Indian  and 
Revolutionary  lore,  for  its  rich  limestone  valleys  were  early 
centers  of  settlement.  Washington  and  his  generals  frequent- 
ly visited  the  area  and  became  owners  of  large  tracts  of  its 
lands,  and  a  number  of  these  famous  war  heroes  of  that  day 
mad'-  here  their  permanent  homes. 

Tin-  area  from  thai  early  day  to  this  has  been  known  for 
ultural  resources,  the  fertile  limestone  soils  yielding 
abundanl  and  varied  crops.  In  the  three  counties,  with  a 
population  of  50,000,  there  an-  marly  a  half  million  acres  of 
farm  lands  whose  value  with  equipment  reaches  $32,000,000. 
I  rom  its  or<  hards,  fruits  of  rich  color  and  flavor  arc  shipped 
to   th.-   ends   of   the   earth,      It    is   to  day    (lie   most    prominent 

ok  hard  sei  tion  of  the  State  and  one  of  the  besl  know  n  in  the 


Figure  1. — See  explanation  on  figure. 
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entire  East,  with  over  a  million  apple  trees  in  addition  to  the 
large  peach,  pear,  and  plum  orchards.  Berkeley  County  holds 
first  rank  in  the  orchard  industry  of  the  State,  Morgan  is  the 
great  peach  county  of  the  State,  and  Jefferson  has  a  rapidly 
growing  orchard  industry. 

This  Eastern  Panhandle  Area  enjoys  a  mild  and  equable 
climate  where  zero  winter  and  100°  summer  temperatures 
are  rarely  recorded.  The  interval  between  killing  frosts  of 
spring  and  autumn  represents  a  long  growing  season.  Its 
mountain  barriers  protect  the  area  from  the  severe  storms 
which  wreak  their  destruction  from  time  to  time  to  the  east 
and  west  of  this  favored  spot. 

Topographically,  these  counties  are  located  in  the  Appa- 
lachian Mountain  area,  including  parts  of  the  Blue  Ridge, 
Great  Valley,  and  Alleghany  Ridges,  with  elevations  ranging 
from  260  feet  (the  lowest  point  in  the  State,  at  Harpers  Ferry) 
to  2,300  feet  on  Cacapon  Mountain.  Its  terraced  hills,  ridges, 
and  mountains  reveal  a  most  interesting  story  of  land  evolu- 
tion which  is  discussed  in  detail  in  a  special  Chapter  of  the 
Report.  It  is  an  area  where  earth's  forces  have  been  most 
active  in  the  geologic  past,  and  the  results  of  this  work  are 
shown  in  folds  and  faults  of  large  size,  and  it  is  a  region  of 
very  complicated  structure. 

The  geological  series  within  this  area  of  76&y>  square 
miles  includes  the  only  crystalline  rocks  in  the  State,  and  then 
passes  through  the  different  periods  of  the  Paleozoic  column 
up  into  the  Pocono  of  the  Lower  Carboniferous.  No  area  of 
similar  size  in  the  entire  State  contains  so  much  of  the  geologic 
'  olumn. 

The  area  contains  a  number  of  important  economic  min- 
eral products.  The  glass-sands  of  Berkeley  Springs  are  known 
for  their  purity  throughout  the  eastern  glass-manufacturing 
centers.  The  coal  of  Meadow  Branch  has  attracted  attention 
for  nearly  a  century.  This  coal  is  shown  by  our  analyses  to 
be  a  emi  anthracite,  with  86.14  per  cent,  of  total  carbon  and 
with  a  heating  value  of  14,630  B.  T.  U.    In  selected  specimens, 

equal  i<>  many  of  the  anthracites  <>f  Pennsylvania,  but  it 
i  o  badly  broken  and  intermixed  with  broken  slate  that  its 
real  value  from  a  commercial  standpoint  is  extremely  doubtful. 
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In  this  area  the  natural  conditions  for  the  manufacture  of 
Portland  cement  are  ideal,  with  material  shown  by  actual  tests 
to  be  adapted  to  this  work,  with  the  necessary  ingredients  in 
great  abundance  and  close  together,  nearness  to  large  mar- 
kets and  tide-water,  with  low  freights.  Very  few  areas  in 
this  country  offer  the  same  advantages. 

There  is  an  abundance  of  shales  and  clays  for  brick  and 
pottery,  with  only  a  single  brick  plant  in  the  area  in  operation. 
These  deposits  are  close  to  railroads,  and  the  saving  in  freight 
rates  to  eastern  markets  would  insure  a  large  profit  over  the 
western  plants  now  supplying  this  trade.  Here  could  be  made 
pt oueware  from  tested  clays  near  towns  and  railroad,  and  there 
is  to-day  only  one  such  plant  in  tbe  entire  State.  Complete 
tests  on  these  shales  and  clays  have  been  made  in  commercial 
laboratories,  and  also  at  the  Pittsburgh  testing  plant  of  the 
Government.  These  results  given  in  this  Report  should  prove 
valuable  in  the  development  of  this  territory  in  this  area. 

Mineral  waters  of  Berkeley  Springs  and  Shannondale 
have  been  famous  since  the  days  of  Washington,  and  their 
curative  properties  were  recognized  by  the  Indians.  All  over 
the  area  are  valuable  iron  and  sulphur  springs  not  so  well 
known.  Springs  of  pure  water  are  abundant  and  supply  the 
farmer  and  the  cities  and  towns.  Many  of  the  small  settle- 
ments cluster  around  large  flowing  springs. 

The  predominant  mineral  product  of  the  area  is  lime- 
stone. Berkeley  and  Jefferson  Counties  are  almost  covered  with 
limestone  suitable  for  various  purposes.  Near  Martinsburg  are 
large  quarries  and  also  large  deposits  of  limestone  as  yet  un- 
opened, of  the  very  pure  limestone  so  low  in  silica  that  a  hun- 
dred car-loads  or  more  are  shipped  daily  230  miles  to  Pitts- 
burgh iron  and  steel  furnaces.  The  available  market  for  this 
grade  of  stone  is  not  far  from  six  million  tons  a  year.  In  the 
discussion  of  this  high-grade  limestone,  it  is  shown  by  com- 
putation how  this  low  silica  Martinsburg  limestone  is  actually 
worth  at  least  10  cents  a  ton  more  than  the  higher  silica  lime- 
stone now  shipped  to  the  Pittsburgh  blast-furnaces  from 
Pennsylvania  quarries.  We  have  estimated  in  this  Report  that 
approximately  458,000,000  tons  of  this  grade  of  limestone  are 
yet  available  in  this  district. 
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This  pure  limestone  finds  a  large  demand  at  the  glass- 
manufacturing-  centers,  where  the  rock  must  be  as  pure  as  pos- 
sible. Berkeley  Springs  sand  and  Martinsburg  limestone  fur- 
nish the  two  most  important  ingredients  for  West  Virginia 
glass.  This  glass  industry  is  growing  with  wonderful  rapidity 
in  the  western  natural-gas  areas  of  the  State,  and  there  is  a 
corresponding  increasing  demand  for  these  materials  from 
Morgan  and  Berkeley  Counties.  The  possible  market  for  this 
limestone  in  glass  plants  is  now  about  250,000  tons  a  year.  Its 
value  for  land  fertilizer  is  being  more  and  more  appreciated 
by  the  farmers,  and  while  this  branch  of  the  industry  is  not 
large  at  the  present  time,  it  will  doubtless  become  very  impor- 
tant in  the  future.  The  lime  industry  is  large  both  in  Berkeley 
and  Jefferson  Counties. 

Ledges  of  dolomite  of  theoretical  purity  are  quarried  in 
Jefferson  County  near  Millville,  and  car-load  shipments  are 
made  as  far  as  Canada.  There  are  large  deposits  of  this  rock 
in  this  area  awaiting  development.  Dolomites  are  found  over 
the  two  counties  that  would  be  valuable  for  magnesian  lime. 

Marl,  which  represents  a  loose,  unconsolidated  carbonate 
of  lime,  is  found  along  very  many  of  the  runs  of  the  area,  but 
this  deposit  is  unused.  In  other  States  this  material  is  re- 
garded as  most  valuable  for  fertilizers,  and  the  deposits  are 
eagerly  sought.  The  value  of  this  material  should  be  appre- 
ciated by  the  farmers. 

The  limestones  over  the  three  counties  and  more  espe- 
cially in  Berkeley  and  Jefferson,  afford  materials  for  good 
ar  at  hand.  Model  macadam  roads  are  to  be  found  all 
through  the  area,  and  others  are  now  building.  Jefferson 
County  has  for  many  years  been  famous  for  its  roads.  Its 
tend  i"  every  pari  of  the  county  and  add  to  the  pros- 
perity of  its  residents  as  well  as  to  their  comfort.  Berkeley 
County  is  now  adding  to  its  miles  of  stone  roads.  Marble  and 
ornamental  building  stone  ran  be  found  at  many  places  over 
the  area.  Thi  I  a  tern  Panhandle  Area  has  been  richly  en- 
d  by  Mature  and  it  is  an  area  of  prosperity  and  a  good 
1  ountry  in  which  to  dwell. 

In  tli<-  preparation  of  this  Report,  acknowledgments  are 
due  to  many   for  kindly   aid   and   cooperation.     The  United 
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States  Geological  Survey,  Pawpaw-Hancock  Folio  (No.  179) 
by  G.  W.  Stose  and  C.  K.  Swartz  covers  a  large  portion  of 
the  Morgan  County  area.  Its  descriptions  and  maps  have  been 
carefully  studied.  Extracts  from  this  Report  are  acknowl- 
edged in  the  text,  but  much  aid  in  mapping  and  in  the  identifi- 
cation of  strata  was  derived  from  this  Report  and  it  has  in- 
fluenced and  aided  the  writer  in  his  work  in  many  ways  diffi- 
cult to  mention  in  detail. 

To  Mr.  Stose  is  due  the  credit  in  first  separating  the  great 
Shenandoah  limestone  complex  into  its  integral  parts.  The 
writer  has  followed  his  classification  of  these  parts  and  has 
been  able  to  follow  these  divisions  as  a  result  of  his  study 
of  this  Folio  as  well  as  that  of  the  Mercersburg-Chambers- 
burg  Folio  of  Stose  (No.  170).  The  writer  also  had  the 
pleasure  and  profit  of  being  in  the  field  with  Mr.  Stose  in  the 
Falling  Waters  and  Hedgesville  districts  of  Berkeley  County 
for  a  short  time.  Mr.  R.  S.  Bassler  and  Mr.  E.  O.  Ulrich  have 
also  been  very  helpful  in  consultation  on  this  work.  The 
writer  has  been  greatly  aided  by  a  study  of  the  classic  volumes 
on  the  Devonian  published  by  the  Maryland  Geological 
Survey. 

The  various  Government  Departments  have  willingly  co- 
operated in  every  way  possible  in  this  work.  Mr.  David  White 
kindly  identified  the  coal  plants  from  the  Meadow  Branch 
Field.  The  U.  S.  Geological  Survey  members  aided  in  the 
supply  of  data,  advice  on  work,  and  use  of  illustrations  from 
their  publications.  The  Bureau  of  Standards  made  the 
tests  on  shales  and  clays  at  their  Pittsburgh  laboratory. 
The  Office  of  Public  Roads  furnished  data  on  road  material 
tests  previously  made  from  this  area,  and  also  made  tests  on 
materials  sent  them  by  the  Survey  from  this  area.  The  U.  S. 
Weather  Bureau  through  H.  C.  Howe,  Section  Director  at 
Parkersburg,  has  furnished  the  weather  records  for  this  Re- 
port, and  Mr.  George  Van  Metre,  Observer  at  Martinsburg, 
also  aided  in  the  work  of  securing  past  records. 

Quarry  companies  and  a  number  of  steel  companies,  who 
have  made  tests  on  limestone  tracts  in  the  area,  have  been 
liberal  in  the  supply  of  data  of  their  examinations  and  analyses. 
These  analyses  have  added  much  toward  the  completeness  of 
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the  Report.  The  analyses  of  samples  collected  over  the  area 
during-  this  study  have  been  made  in  the  Survey  laboratory  by 
Mr.  J.  B.  Krak  under  the  direction  of  Professor  B.  H.  Hite, 
Chief  Chemist.  These  analyses  have  been  made  with  their 
usual  promptness  and  care,  and  can  be  depended  upon  in  esti- 
mates of  the  value  of  tracts. 

As  in  past  Reports,  so  in  this  one,  it  is  a  pleasure  to 
acknowledge  the  helpful  aid  of  the  State  Geologist,  Dr.  I.  C. 
White,  who  has  given  me  the  opportunity  of  preparation  of 
this  Report  on  a  home  region,  and  whose  writings  and  sug- 
gestions have  been  of  great  help  in  the  preparation  of  this 
volume.  It  would  be  difficult  to  estimate  the  value  of  his  ser- 
vices given  to  this  State  through  this  Survey,  so  freely  and 
without  remuneration,  "a  labor  of  love"  for  his  native  State. 

It  is  my  hope  that  this  volume  may  prove  valuable  in 
making  known  the  valuable  resources  of  this  Eastern  Pan- 
handle Area,  and  that  it  may  prove  of  service  in  the  further 
development  of  its  many  valuable  latent  resources,  and  thus 
•  bring  even  greater  prosperity  to  this  section  and  thereby  to 
the  State. 

G.  P.  Grimsley. 
Martinsburg,  W.  Va., 

July  1,  1916. 
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CHAPTER  I. 


THE  HISTORICAL  AND  INDUSTRIAL  DEVEL- 
OPMENT OF  THE  EASTERN  PANHANDLE. 


LOCATION  AND  HISTORY. 

The  eastern  Panhandle  of  West  Virginia  includes  the 
area  which  projects  to  the  eastward  over  Virginia.  It  is 
bounded  on  the  north  and  west  by  the  Potomac  River;  on 
the  east  by  the  crest  of  the  Blue  Ridge  which  is  the  western 
line  of  Loudoun  County,  Virginia ;  on  the  south  by  Hamp- 
shire County,  West  Virginia,  and  Frederick  and  Clarke  Coun- 
ties, Virginia.  It  comprises  an  area  of  768.45  square  miles 
divided  into  the  three  counties  of  Morgan  (231.26),  Berkeley 
(324.78)  and  Jefferson  (212.41). 

The  area  of  the  three  counties  by  districts,  as  calculated 
with  planimeter  by  R.  C.  Tucker,  is  as  follows : 
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Jefferson  County:  Square  Miles 

Charlestown    District 45.28 

Harpers  Ferry  District 27.54 

KabletCAvn   District 52 .  04 

Middleway   District 45 .  62 

Shepherdstown  District 41 .  93 

Total    212.41 

Berkeley  County: 

Arden  District 41 .  57 

Falling  Waters  District 30 .  80 

Gerrardstown  District 89 .  25 

Hedgesville   District 88 .  39 

Martinsburg  District 2 .  35 

Mill  Creek  District 35 .  17 

Opequon   District 37 .  25 

Total    324 .  78 

Morgan    County: 

Allen    District 41 .  56 

Bath   District 20.43 

Cacapon    District 75 .  39 

Rock   Gap  District 37.18 

Sleepy  Creek  District 18.86 

Timber   Ridge   District 37.84 

Total    231.26 

The  topography  in  the  western  half  of  the  area  is  moun- 
tainous, and  in  the  eastern  half  is  a  great  limestone  valley. 
This  topography  is  discussed  more  fully  in  the  next  Chapter, 
but  the  elevation  above  sea  ranges  from  260  feet  at  Harpers 
Ferry,  the  lowest  point  in  the  State,  to  2300  feet  on  Cacapon 
Mountain. 

The  I'nl lowing  resume  of  (he  history  of  these  counties  is 

I  on  a  perusal  of  the  histories  of  this  valley  by  Samuel 

heval    (Histor)    of   the    Valley   of  Virginia,    1836),   and 

lie. n      Howe  (Historical  Collections  of  Virginia,  1845),  rare 

and   most   valuable  historical  works  whose  authenticity  has 

r  been  questioned. 

In   the  original   distribution  of  counties  in  Virginia,  the 

o  called  "Wilderness"  west  of  the  Blue  Ridge  and  extending 

to  the  <  I!,,,,  River,  formed  the  county  of  Orange  established 

in  1720  to  include  the  small  portion  of  Spottsylvania  Count) 

di  -I  ai  r0S£   the  mountain,  and  also  all  the  remainiim 
territory  not   before  designated  as  a  county. 
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Map    showing   the    Boundaries    of   the    Eastern   Panhandle 
Area,  Railroads,  etc. 


In  1738  this  vast  tract  was  divided  into  two  counties, 
Frederick  and  Augusta.  Frederick  County  included  the  area 
bounded  on  the  north  by  the  Potomac,  on  the  east  by  the 
Blue  Ridge,  and  on  the  south  and  west  by  a  line  to  be  run 
from  the  head  spring  of  Hedgman  to  the  head  spring  of  the 
Potomac.  All  the  remainder  of  the  territory  west  of  the  Blue 
Ridge  formed  the  county  of  Augusta  which  was  reduced  to 
its  present  limits  in  1790. 

In  May,  1772,  Berkeley  County  was  formed  out  of  Fred- 
erick to  include  all  the  land  between  the  Potomac  and  a  line 
to  be  run  from  the  intersection  of  Frederick  and  Loudoun 
Counties  at  a  point  one  and  a  half  miles  north  of  the  corner 
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in  Williams  Gap,  said  line  dividing  the  parishes  of  FredericK 
and  Norborne,  thence  westward  until  it  intersected  the  line 
of  Hampshire  County  formed  in  1754  and  so  the  oldest  county 
in  the  present  State  of  West  Virginia.  The  remaining  por- 
tion of  Frederick  County  was  divided  into  Frederick  and 
Dunmore  Counties,  the  latter  was  changed  in  name  in  1777  to 
Shenandoah.  Berkeley  County  was  named  in  honor  of  Gov- 
ernor Norborne  Berkeley  of  Virginia.  In  1801  Jefferson 
County  was  formed  from  a  portion  of  Berkeley  and  named  in 
honor  of  Thomas  Jefferson.  In  1820,  Morgan  County  was 
formed  from  the  western  portion  of  Berkeley  and  a  small  part 
of  Hampshire.  It  was  named  in  honor  of  General  Daniel 
Morgan  of  Revolutionary  War  fame. 

Berkeley  and  Jefferson  Counties  are  in  the  Great  Valley 
whose  discovery  dates  far  back  in  the  annals  of  history.  This 
valley  was  a  favorite  abiding  place  of  the  Indians  whose 
names  still  survive  on  many  streams,  as  the  Opequon,  Tus- 
carora,  Cacapon,  Shenandoah,  and  the  Potomac.  The  latter 
river  was  known  by  the  Indian  name  of  Cohongoruton  and 
its  south  branch  was  the  Wappatomaka  which  was  shortened 
by  Lord  Fairfax  to  Potomac,  and  he  applied  this  name  to  the 
Avhole  river. 

When  the  Valley  was  first  known  to  the  white  people, 
the  Indian  tribes  dwelling  there  were  Shawnecs  near  Win- 
chester, the  Tuscaroras  near  Martinsburg,  with  temporal"} 
encampments  of  the  Catawbas  from  further  up  the  Valley. 
The  latter  tribe  was  almost  continually  at  war  with  roving- 
bands  of  northern  Delawares  and  savage  battles  were  waged 
through  the  Valley  and  adjoining  areas,  notably  at  the  mouth 
of  Antietam  Creek  in  1736  and  at  Hanging  Rocks  in  Hard} 
County.  The  favorite  locations  of  the  Indians  were  along  the 
Shenandoah  and  its  upper  Forks,  on  the  Opequon  and  its 
'I  uscarora   Branch. 

The  In  -i  record  of  the  Valley  being  visited  by  white  men 

in  1710  when  Colonel  Alexander  Spottswood,  Governor 
of  Virginia,  with  a  troop  <»f  cavalry  forced  his  way  through 

o-called  impassable  Blue  Ridge  Mountains  and  discovered 
the  beautiful  valley  of  the  Shenandoah,  an  achievement  which 
v"ii  him  fix   honor  of  knighthood  from  the  King.    The  first 
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5-ettlement,  according  to  the  late  Virgil  Lewis,  was  by  Morgan 
Morgan,  in  1727,  who  built  his  cabin  at  the  present  site  of 
Bunker  Hill.  In  1732  Joist  Hite  and  sixteen  families  from 
Pennsylvania  came  into  the  valley  by  way  of  York  and  settled 
south  of  Winchester,  though  this  town  was  not  settled  until 
1738,  and  established  as  a  town  by  Legislative  Act  until  1752. 
The  first  town  in  the  Valley  and  also  the  oldest  town  in 
the  present  State  of  West  Virginia  was  settled  by  German 
mechanics  at  Shepherdstown  under  the  name  of  Mecklenburg 
under  a  grant  to  Richard  Morgan  in  1732.  The  town  of 
Mecklenburg  was  established  by  Legislative  Act  in  November, 
1762,  at  the  same  date  as  the  establishment  of  Romney  in 
Hampshire  County.  It  was  laid  off  in  lots  and  streets  by 
Captain  Shepherd  whose  name  it  was  later  given.  This  town 
is  noted  as  the  home  of  the  inventor  of  the  first  steamboat, 
James  Rumsey,  whose  boat  was  propelled  by  steam  alone, 
seventeen  years  before  the  successful  experiments  of  Fulton 
en  the  Hudson.  His  experimental  work  is  described  by  Howe 
(p.  339)  as  follows: 

"In  September,  1781,  it  appears  from  a  letter  of  his  (Riimsey) 
now  before  us,  that  he  was  employed  by  the  Potomac  Company,  of 
which  Washington  was  a  member,  to  improve  the  navigation  of  the 
Potomac  River.  In  the  summer  of  the  year  1783,  he  directed  his  at- 
tention to  the  subject  of  steamboats;  and  in  the  autumn  of  1784  suc- 
ceeded in  a  private  but  very  imperfect  experiment,  in  order  to  test 
some  of  the  principles  of  his  invention.  In  the  October  session  of 
that  year,  he  obtained  the  passage  of  an  Act  from  the  Virginia  As- 
sembly, guarantying  to  him  the  exclusive  use  of  his  invention  in 
navigating  the  waters  of  that  State,  for  the  space  of  ten  years  from 
date.  In  January,  1785,  he  obtained  a  patent  from  the  General  As- 
sembly of  Maryland  for  navigating  their  waters.  Through  the  whole 
of  this  year  he  was  engaged  in  working  at  his  boat,  but  it  was  not 
ready  for  public  trial  until  1786,  the  year  following.  In  this  experi- 
ment he  was  eminently  successful.  He  succeeded  in  propelling  his 
boat,  by  steam  alone  at  Shepherdstown,  against  the  current  of  the 
Potomac,  at  the  rate  of  four  or  five  miles  an   hour." 

Howe  further  quotes   (p.  339)  a  description  of  this  first 
steamboat  from  an  English  work  by  Stuart,  as  follows : 

"Rumsey's  boat  was  about  50  feet  in  length,  and  was  propelled 
by  a  pump -worked  by  a  steam  engine  which  forced  a  quantity  of  water 
up  through  the  keel;  the  valve  was  then  shut  by  the  return  of  the 
stroke,  which  at  the  same  time  forced  the  water  through  a  channel  or 
pipe,  a  few  inches  square,  (lying  above  or  parallel  to  the  kelson),  out 
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at  the  stern  under  the  rudder,  which  had  less  depth  than  usual, 
to  permit  the  exit  of  the  water.  The  impetus  of  this  water  forced 
through  the  square  channel  against  the  exterior  water,  acted  as  an 
impelling  power  upon  the  vessel.  The  reaction  of  the  effluent  water 
propelled  her  at  the  rate  above  mentioned,  when  loaded  with  three 
tons  in  addition  to  the  weight  of  her  engine,  of  about  a  third  of  a  ton. 
The  boiler  was  quite  a  curiosity,  holding  no  more  than  five  gallons 
of  water,  and  needing  only  a  pint  at  a  time.  The  whole  machinery 
did  not  occupy  a  space  greater  than  required  for  four  barrels  of  flour. 
The  fuel  consumed  was  not  more  than  from  four  to  six  bushels  of 
coal  in  twelve  hours.  Rumsey's  other  project  was  to  apply  the  power 
of  a  steam  engine  to  long  poles,  which  were  to  reach  the  bottom  of 
the  river,  and  by  that  means  to  push  a  boat  against  a  rapid  current." 

As  early  as  1738,  the  Quakers  had  formed  a  settlement  on 
Apple  Pie  Ridge  to  the  west  of  Martinsburg.  There  were  also 
early  settlements  on  Cacapon  River,  Lost  River,  Back  Creek, 
and  on  the  Opequon.  A  Baptist  settlement  under  Rev.  John 
Gerrard  was  established  on  the  Opequon  about  1742.  At  this 
time  the  Valley  from  the  Blue  Ridge  to  North  Mountain  was 
described  as  a  vast  prairie  barren  of  timber,  and  a  great  pas- 
ture with  various  kinds  of  wild  animals,  buffalo,  deer,  bear,  etc. 

The  early  days  of  the  white  settlers  were  filled  with  great 
danger  from  hostile  Indians,  and  the  annals  of  these  days  in- 
clude accounts  of  massacres,  battles,  and  the  erection  of  forts 
for  the  protection  of  settlers,  conditions  which  greatly  deterred 
the  settlement  and  development  of  the  Valley.  In  1754  by  a 
treaty,  the  Indians  moved  west  of  the  mountains  and  the  area 
enjoyed  a  period  of  peace  until  after  the  French  and  Indian 
wars  with  the  defeat  of  Braddock  in  1766,  when  Indian  depre- 
dations and  massacres  were  again  chronicled  in  the  Valley, 
and  the  Indian  danger  again  became  a  source  of  terror  by 
night  and  by  day.  Finally  Governor  Dunmore  raised  an  army 
in  the  lower  Shenandoah  Valley,  and  General  Andrew  Lewis 
m  the  n]. per  portion  of  the  Valley,  and  Dunmore's  War  came 
in  1774  with  the  defeat  of  the  Indians  in  the  Ohio  Valley,  but 
the  war  was  nol  closed  until  Wayne's  victories  in  1794,  when 
permanenl  peace  and  Freedom  from  Indian  attacks  resulted. 
1,1  the  meantime  the  War  for  American  Independence  came 
and  ended  with  the  surrender  of  Cornwallis  at  Yorktown  on 
( ><  tobei  19,  1781. 

came  the  9econd  war  with  Greal  Britain  in  1812,  and 
both    the  drew   tlxir  quota   of  brave   men    from  this 
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Valley.  The  era  of  peace  following  these  wars  brought  in 
new  people  and  new  settlements  and  the  development  of  the 
Valley  made  good  progress.  In  1800  there  were  22,000  people 
in  the  eastern  Panhandle  area;  and  in  1840,  38,307,  and  over 
1,800  scholars  in  the  schools. 

In  October,  1859,  the  peace  of  the  Valley  was  again  dis- 
turbed when  John  Brown,  of  Kansas,  took  possession  of 
Harpers  Ferry  and  in  less  than  18  months  the  whole  country 
was  in  the  throes  of  a  Civil  War.  The  majority  of  the  people 
in  this  area  was  friendly  to  the  South,  casting  their  let  with  it, 
and  hence  the  Valley  became  one  of  the  great  centers  of 
the  War  with  its  concurrent  devastation  of  life  and  property. 
While  no  great  battles  were  fought  in  the  eastern  Panhandle 
area,  it  was  an  almost  continual  scene  of  skirmishes  and  was 
alternately  in  control  of  the  North  and  the  South. 

In  April,  1861,  the  Ohio  River  counties  called  a  convention 
at  Wheeling  which  was  followed  by  a  second  call  and  at  that 
city  on  June  19,  1861,  an  ordinance  was  passed  for  the  separa- 
tion from  the  mother  state  and  an  organization  of  a  new  state 
government,  with  the  result  that  West  Virginia  was  admitted 
to  the  Union  as  a  new  State  on  June  20,  1863.  The  counties 
of  Berkeley  and  Jefferson  were  not  included  but  were  annexed 
during  that  year.  This  annexation  led  to  a  legal  fight  as  the 
two  counties  were  claimed  by  Virginia,  and  the  case  was  finally 
settled  by  a  decision  of  the  United  States  Supreme  Court  in 
1871  in  favor  of  West  Virginia  and  the  two  counties  then  be- 
came members  of  the  new  State.  Frederick  County,  Virginia, 
was  also  expected  to  join  the  new  State  and  was  granted  the 
right  to  vote  upon  this  measure  but  no  election  was  ever  held. 

HISTORY  OF  TRANSPORTATION. 

THE  RIVERS. 

In  the  early  days  projects  were  advanced  for  the  improve- 
ment of  the  Potomac  and  the  Shenandoah  Rivers  for  transpor- 
tation. During  high  waters  rafts  and  logs  were  floated  down 
the  branch  streams  to  the  Potomac  and  thence  down  this  river 
and  also  down  the  Shenandoah,  but  they  were  never  used  for 
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regular  boat  trips  on  account  of  the  low  depth  of  water  and  the 
numerous  rapids.  In  1785  the  Government  authorized  the 
clearing  of  the  Potomac  of  rocks  at  Harpers  Ferry,  but  in  all 
these  plans  no  special  work  was  done,  and  the  rivers  were 
regarded  as  of  very  doubtful  value  in  transportation. 

TURNPIKES. 

In  the  early  days  of  the  settlements  of  Virginia  in  the 
portion  now  included  in  West  Virginia,  there  were  no  roads 
across  the  mountains  but  their  need  was  soon  recognized  and 
State  roads  were  constructed  from  the  east  to  the  west.  Later 
private  companies  were  authorized  to  build  pikes  on  which  toll 
could  be  charged  and  the  State  subscribed  for  so  much  stock, 
usually  three-fifths  of  the  authorized  capital  required. 

The  first  one  to  be  built  through  Government  aid  was  the 
National  Road  from  Washington  to  Cumberland,  then  ex- 
tended to  Wheeling  and  into  Ohio.  The  bill  for  this  road  was 
passed  by  Congress  in  1802  and  its  construction  began  in  1811, 
reaching  Wheeling  in  1818.  A  stage  line  on  the  road  in  1836 
made  the  trip  from  Washington  to  Wheeling  in  three  days, 
which  was  regarded  as  very  fast  time.  The  traffic  increased 
until  there  was  an  almost  continuous  line  of  stages  and 
wagons,  a  condition  Avhich  lasted  until  the  Baltimore  and  Ohio 
Railroad  was  completed  to  Wheeling  near  the  end  of  the  year 
and  in  a  few  months  the  days  of  the  stage  coach  and 
f-'cight  wagons  were  doomed  on  this  road  and  they  soon  dis- 
appeared  from  view.     This  great  highway  was  reached  from 

tortheastem  part  of  the  West  Virginia  area  by  roads  built 

a-rrstown. 

ECercheval   writing  at  this  time  described  some  of  these 

roads  in  1833  (p.  372)  as  follows: 

"A   turnpike   road   from   Winchester  to  Parkersburg,  on  the  Ohio 
in,-  ()f  abotil    iwo  hundred  and  eighty  miles,  has  lately 
finished,  and  another  macadamized  turnpike  road  from  Winches- 
ter to  Staunton  has  Jusl  been  put  into  operation,  and  it  is  almost  in- 
Lvable  what  vrasl  quantities  of  produce  now  Qnd  a  ready  way  to 
Baltimore  from  the  Increased  facilities  of  our  Improved  roads  to  that 

"An  Improved  road  from  Staunton  across  the  Alleghany  Mountains 
-in-  on   to  Parkersburg,  which   will  add  great  facilities  to 
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Valley  trade,  to  greatly  enhance  the  value  of  real  estate  In  western 
Virginia.  There  is  also  a  turnpike  from  Harrisonburg  by  way  of  the 
Warm  Springs,  Hot  Springs,  and  White  Sulphur,  across  the  Alleghany 
and  Wyandotte,  by  way  of  the  Kanawha.  These  several  turnpikes  are 
passable  at  all  seasons  of  the  year,  and  have  greatly  expedited  the 
passenger's  journey  from  east  to  west.  These  several  turnpikes  have 
been  made  at  vast  expense  to  the  State  and  stockholders,  notwith- 
standing which,  improvements  are  still  going  on.  A  few  years  more 
and  western  Virginia  will  vie  with  our  northern  and  sister  States  with 
her  vast  improvements." 

This  Staunton  and  Parkersburg  Turnpike,  described  by 
Kercheval,  was  chartered  in  1823-4,  and  the  Winchester  and 
Parkersburg  Pike,  known  more  commonly  as  the  Northwest- 
ern Turnpike,  was  built  in  1831,  passing  through  Hampshire, 
Mineral,  and  Grant  Counties,  thence  northwest  and  finally 
southwest,  reaching  Parkersburg  in  1838.  This  road  became 
a  busy  thoroughfare  from  the  east  to  the  west  and  the  reverse, 
and  it  had  a  very  great  influence  on  the  development  of  the 
interior  and  western  portions  of  the  State,  but  like  the  National 
Road  its  traffic  gave  way  before  the  steam  transit  of  the  Balti- 
more and  Ohio  Railroad  which  reached  Cumberland  in  1842 
and  Parkersburg  in  1857. 

In  March,  1851,  the  Berkeley  and  Hampshire  Pike  was 
chartered  to  run  from  Martinsburg  via  Boyds  Gap  in  North 
Mountain  and  Bloomery  Gap  to  a  point  on  the  Northwestern 
Turnpike  at  or  near  French's  Tavern,  a  total  distance  of  45^ 
miles,  and  it  was  completed  in  1858,  and  thus  brought  this 
artery  of  traffic  available  to  the  eastern  Panhandle  area. 

In  1838  and  revived  in  1848,  a  charter  was  issued  for  the 
Martinsburg  and  Winchester  Turnpike,  which  began  at  Mar- 
tinsburg and  connected  with  the  Northwestern  Pike  at  Win- 
chester. To  complete  the  line  northward  to  the  river,  the 
Martinsburg  and  Potomac  Pike  was  chartered  in  1849  to 
extend  the  Winchester  Pike  to  a  point  on  the  Potomac  River 
opposite  Williamsport.  These  three  pikes  are  among  the  few 
toll  roads  in  the  State  at  the  present  day. 

Other  turnpikes  authorized  by  the  Acts  of  the  Virginia 
Legislature  were,  the  Shepherdstown  and  Smithfield;  Smith- 
field,  Charlestown,  and  Harpers  Ferry ;  Hedgesville  and  Po- 
tomac, in  1850;  Berryville  and  Charlestown,  in  1847;  Jefferson 
and  Frederick,  in  1851 ;  Middleway  and  Gerrardstown ;  Hamp- 
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shire  and  Morgan  County,  in  1849;  Sir  Johns  Run;  Winches- 
ter and  Berkeley  Springs ;  and  a  number  of  others  whose 
records  are  overlooked.  The  period  from  1838  to  1851  was 
one  of  turnpike  construction  for  the  purpose  of  opening  a  vast 
interior  county.  The  beneficial  results  of  these  branching- 
routes  on  the  development  of  the  country  tributary  to  them 
would  be  very  difficult  to  estimate  but  they  were  certainly 
very  great. 

In  June,  1850,  the  Chesapeake  and  Ohio  Canal  was  com- 
pleted from  Washington  to  Cumberland,  and  this  soon  became 
an  important  route  for  shipments  and  was  a  great  step  in 
advance  over  the  highway  routes.  It  follows  the  north  bank 
of  the  Potomac  in  Maryland  around  the  border  of  the  eastern 
Panhandle  area.  This  canal  was  thus  accessible  to  this  area 
and  had  much  influence  on  its  trade  development. 

RAILROADS. 

The  first  railroad  in  the  eastern  Panhandle  area  was  the 
Winchester  and  Potomac,  chartered  in  April,  1831,  and  which 
ran  from  Winchester  via  Charlestown  to  Harpers  Ferry.  It 
was  later  leased  to  the  Baltimore  and  Ohio  Railroad  and  later 
purchased  by  it,  and  extended  southward  and  at  the  present 
time  is  known  as  the  Valley  Branch  of  the  main  system.  The 
original  charter  was  for  12,000  shares  at  $25  each,  or  a  total 
of  $300,000. 

Baltimore  and  Ohio  Railroad. — The  National  Road  was 

;    mosl   important  source  of  freight  and  passenger  traffic  for 

ars  to  the  cities  of  Washington  and  Baltimore,  but 

viih  the  building  of  the  Erie  Canal  about  1825,  much  traffic 

di '.  erted  i<>  the  north  and  it  was  found  to  be  impracticable 

•    complete  tin-  Cumberland  Canal  to  the  Ohio.     Thus  was 

Baltimore's  trade  threatened,  and  in  order  to  hold  her  pres 

tige  in  trade  a  meeting  of  business  men  was  called  in  Balti 

more  on  February   12,  1X27,  to  consider  plans  for  a  railroad 

from  Baltimore  to  ih«-  Ohio  River.     A  week  later  a  plan  for 

'1m-  organization   of   the    Baltimore   and   Ohio    Railroad   was 

formulated.     A  committee  was  appointed  i<>  secure  an  act  of 
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incorporation  from  the  Legislatures  of  Maryland,  Virginia, 
and  Pennsylvania.  This  Act  was  passed  by  the  Legislature 
of  Maryland  on  March  8,  1827,  appointing  nine  commissioners 
and  fixing  the  capital  stock  at  $3,000,000  in  30,000  shares  of 
$100  each,  but  with  the  reservation  that  10,000  shares  be  held 
for  purchase  in  the  State  of  Maryland,  and  5,000  shares 
reserved  for  the  purchasers  in  the  City  of  Baltimore,  for  a 
period  of  twelve  months,  while  the  remaining  15,000  shares 
could  be  sold  out  of  the  State. 

The  original  plan  of  the  road  was  to  follow  along  the 
Shenandoah  River  from  Harpers  Ferry  to  the  headwaters  of 
the  Kanawha,  thence  down  the  Kanawha  to  the  Ohio  River, 
but  the  Virginia  Assembly  refused  to  grant  this  route  and 
placed  the  Ohio  River  terminus  at  any  point  north  of  the 
mouth  of  the  Little  Kanawha  River  (Parkersburg). 

The  Board  of  Directors  was  organized  April  23,  1827,  and 
the  surveys  were  completed  in  1828.  The  corner-stone  of  the 
road  was  laid  July  4,  1828,  by  Charles  Carroll  of  Carrollton, 
and  the  capital  stock  was  increased  to  $5,000,000.  The  first 
cars  were  drawn  by  horses  with  daily  trips  between  Baltimore 
and  Ellicott  City,  the  first  trip  being  made  May  24,  1830,  and 
in  August  of  that  year  a  model  of  a  locomotive  was  used  by 
Peter  Cooper  on  this  road. 

The  line  was  completed  to  Frederick,  Maryland,  on  De- 
cember 1,  1831,  to  the  Point  of  Rocks  on  the  Potomac  in  April, 
1832,  reaching  Harpers  Ferry  December  1,  1834,  there  con- 
necting with  the  Winchester  and  Potomac  Railroad.  From 
this  date  to  1838,  Virginia  refused  to  grant  the  right  to  con- 
struct westward,  but  that  year  granted  the  right  on  the  con- 
dition that  Wheeling  be  made  the  terminal  point.  Construc- 
tion work  began  again  in  1840,  and  the  road  reached  Martins- 
burg  in  1841-2,  and  was  completed  to  Cumberland  November 
5,  1842. 

In  1842  work  was  started  on  the  engine  house  and  shops 
at  Martinsburg.  No  further  work  on  the  road  was  done  until 
1849,  when  construction  was  resumed  westward  and  completed 
to  Wheeling  January  1,  1853.  It  is  stated  by  Callahan  in  his 
Centennial  History  of  West  Virginia  (p.  112)  that  this  ex- 
tension  to   Cumberland   increased   the   yearly   earnings    from 
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$391,070  in  1842  to  $575,205  in  1843,  and  to  $658,619  in  1844. 
The  Parkersburg  Branch  was  completed  in  1857,  and  from 
Wheeling  to  Pittsburgh  in  1871.  The  road  reached  Newark. 
Ohio,  in  1849,  and  Columbus,  Ohio,  in  1850.  At  the  present 
time  this  railroad  has  1,071  miles  of  track  in  the  State  and  the 
total  mileage  of  all  the  different  railroads  in  West  Virginia  is 
3,556. 

The  building  of  this  railroad  was  of  the  greatest  benefit  to 
the  State  of  western  Virginia  and  resulted  in  marked  develop- 
ment starting  almost  at  once.  It  was  for  many  years  the  main 
route  from  East  to  the  West.  It  brought  in  new  people  and  the 
small  settlements  along  the  line  grew  into  cities,  manufactures 
sprang  up  here  and  there,  and  the  products  of  mine,  forest, 
and  farm  found  an  outlet.  The  natural  destination  of  these 
products  was  at  the  eastern  terminus  and  Baltimore  became 
the  trade  center  for  western  Virginia  and  the  country  to  the 
west,  which  position  it  has  been  able  to  maintain  to  the  present 
day.  Those  early  founders  accomplished  their  purpose  and 
not  only  prevented  the  deflection  of  trade  from  the  north  by 
the  Erie  Canal  route,  but  added  a  vastly  greater  new  trade. 

The  new  railroad  enabled  a  scattered  mountain  and  valley 
people  over  the  large  area  of  the  State  to  be  brought  together 
with  a  resultant  intermingling  of  interests  and  the  community 
spirit  was  built  up,  resulting  in  unity  and  strength  of  the  popu- 
lation and  in  the  greater  strength  of  the  common  interests  of 
a  State.  Callahan  says  in  his  History  that  "The  parts  of  coun- 
try which  it  touched,  it  bound  together  into  a  closer  social  and 
political  union  than  had  before  been  realized.  It  was  a  large 
factor  in  determining  the  political  destiny  of  West  Virginia, 
the  military  strategy  of  the  Civil  War,  and  the  continued  in- 
to grity  of  the  American  Union." 

Cumberland  Valley  Railroad. — On  February  19,  1868,  a 
■  darter  was  issued  the  Martinsburg  and  Potomac  Railroad  to 
build  a  line  from  1 1 1« ■  I'nimnae  River  opposite  or  near  the  town 
of  Williamsporl  through  the  town  of  Martinsburg  to  the 
Virginia  Stale  Line.  There  were  issued  15,000  shares  of  the 
i  apital  tO(  I.  <>!'  $100  each.  This  line  was  to  be  built  for  the 
purpose  "i  connecting  with  the  Franklin  Railroad  <>!'  Pennsyl- 
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vania  which  ran  from  Chambersburg  to  Hagerstown  and 
Williamsport.  The  new  railroad  was  completed  to  Martins- 
burg  in  1873. 

The  road  was  sold  on  November  17,  1887,  and  purchased 
by  Mr.  Thomas  B.  Kennedy;  and  on  March  17,  1888,  a  new 
company  was  organized  under  the  name  of  Cumberland  Valley 
and  Martinsburg  Railroad  and  that  year  began  an  extension  to 
Winchester  which  was  reached  in  October,  1889,  operating  in 
Virginia  under  the  name  of  Martinsburg  and  Potomac.  In 
December,  1889,  authority  was  granted  for  the  consolidation 
of  the  road  in  Virginia  and  the  one  in  West  Virginia  under 
the  name  of  Cumberland  Valley  and  Martinsburg,  which  was 
done  early  in  1890.  The  certificate  of  the  Cumberland  Valley 
Railroad  of  Pennsylvania,  the  successor  of  the  Franklin  Rail- 
road, was  recorded  in  West  Virginia  June  11,  1901. 

This  railroad  is  a  division  of  the  Pennsylvania  System  and 
is  said  to  be  the  only  division  of  that  system  operated  under  a 
separate  executive  staff,  a  tribute  to  the  successful  manage- 
ment and  ability  of  its  President,  Mr.  M.  C.  Kennedy.  The 
length  of  the  line  from  Winchester  to  the  Potomac  is  46  miles, 
of  which  24^4  miles  are  in  Berkeley  County.  At  the  river,  it 
crosses  on  a  new  steel  bridge  completed  in  October,  1914,  re- 
placing the  old  bridge.  Many  improvements  in  alignment  and 
grades  were  made  at  the  same  time.  Across  the  river,  it  con- 
nects with  the  Cumberland  Valley  of  Pennsylvania,  extending 
to  Harrisburg,  where  it  connects  with  the  main  lines  of  the 
great  Pennsylvania  System. 

Norfolk  and  Western  Railroad. — The  Shenandoah  Valley 
Railroad  was  built  in  1879  and  operated  in  March,  1880,  from 
Shepherdstown  via  Front  Royal  to  Bentonville,  a  distance  of 
54  miles,  and  completed  that  year  to  Hagerstown.  It  appears 
to  have  had  a  successful  course  for  a  time,  but  becoming  in- 
volved in  Court  proceedings,  was  sold  to  the  Norfolk  and 
Western  in  1881,  and  completed  to  Roanoke,  Virginia.  It 
extends  through  Jefferson  County  from  Shepherdstown  via 
Charlestown  to  the  southern  line  of  the  county,  crossing  the 
Baltimore  and  Ohio  main  line  at  Shenandoah  Junction.  The 
length  of  this  line  from  Roanoke  to  Hagerstown  is  239  mile.s, 
and  the  length  in  Jefferson  County  is  17^4  miles. 


14  HISTORICAL   AND   INDUSTRIAL   DEVELOPMENT. 

Western  Maryland  Railroad. — The  Western  Maryland 
Railroad  from  Baltimore  to  Cumberland  on  its  way  west  to 
the  coal  fields  of  West  Virginia  and  to  Connellsville  and 
Pittsburgh,  follows  the  Potomac  River  on  the  Maryland  side 
from  west  of  Williamsport  to  beyond  Pawpaw.  It  crosses  the 
western  portion  of  Morgan  County,  where  it  cuts  across  the 
bends  of  the  Potomac  west  of  Doe  Gully  and  west  of  Magnolia, 
snd  to  the  northwest  of  Pawpaw,  with  a  total  length  in  the 
county  of  6^2  miles,  though  its  mileage  in  the  State  of  West 
Virginia  is  197.  The  Williamsport,  Nessle  and  Martinsburg 
Railroad  connects  at  Charlton  with  the  Western  Maryland 
Railroad,  and  extends  south  of  the  Potomac  in  Berkeley 
County  and  it  is  surveyed  to  Martinsburg. 

GENERAL  DESCRIPTION. 

MORGAN  COUNTY. 

Morgan  County,  forming  the  western  portion  of  the  east- 
ern Panhandle,  has  an  area  of  231.26  square  miles.  It  is 
bounded  on  the  north  and  west  by  the  Potomac  River,  sepa- 
rating it  from  Allegany  and  Washington  Counties,  Maryland ; 
on  the  east  by  Berkeley  County ;  on  the  south  by  Hampshire 
County,  West  A^irginia,  and  Frederick  County,  Virginia.  It 
was  named  in  honor  of  General  Daniel  Morgan.  The  county 
was  formed  from  the  western  portion  of  Berkeley  and  the  part 
of  Hampshire  County  west  of  the  Warm  Spring  Ridge.  It 
was  formed  February  9,  1820,  under  the  following  Act  of 
the  Virginia  Assembly  : 

"Be  11  enacted: — That  all  that  part,  of  the  counties  of  Berkeley 
and  Hampshire  contained  within  the  following'  bounds,  to  wit: — be- 
ginning al  the  mouth  of  Cherry's  Knn  at  the  river  Potowmac  in  the 
'ohm'  of  Berkeley,  thence  up  the  middle  of  said  Hun  to  its  source, 
thence  due  wesl  to  the  top  of  Sleepy  Creek  Mountain,  thence  along 
the  top  of  said  mountain  to  the  line  that  separates  the  counties  of 
FYedericb  and  Berkeley,  thence  with  the  said  line  to  the  county  of 
iirniip  hire,  thence  In  a  direct  line  until  U  Btrikes  the  river  Potowmac 
opposite  Mltchel  Rock,  and  thence  by  the  river  Potowmac  to  the  be- 
■iiihin",  shall  form  one  distinct  and  ne^  county,  and  be  called  by  the 
name  of  Morgan." 
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The  following  post-offices  were  established  in  the  county 
before  the  days  of  rural  delivery,  and  they  now  represent  cen- 
ters of  small  settlements : 

Berkeley  Springs.    Oakland.  Rock  Gap. 

Brosius.  Ompa.  Sir  Johns  Run. 

Cherry  Run.  Orleans  Crossroads.         Sleepy  Creek. 

Great  Cacapon.         Pawpaw.  Stotlers  Crossroads. 

Magnolia.  Ridge.  Ungers  Store. 

Woodrow. 

Only  two  of  these  are  incorporated  towns,  Berkeley 
Springs  and  Pawpaw ;  the  former  had  a  population  in  1910  of 
864,  and  the  latter  had  725.  The  other  places  risually  consist 
of  a  store  and  a  few  houses,  being  larger  on  the  railroad. 
Cherry  Run  is  an  important  terminal  point  for  the  transfer  of 
freight  to  the  Western  Maryland  Railroad  from  the  Baltimore 
and  Ohio.  Brosius  is  the  Hancock  station  on  the  latter  rail- 
road. -  Ungers  Store  is  a  distributing  point  to  the  upper  part  of 
the  county  and  back  portions  of  Hampshire.  Pawpaw  is  cen- 
tral to  a  rapidly  growing  orchard  section,  and  has  a  large  tan- 
rery,  with  a  capacity  of  400  hides  daily.  Morgan  County  has 
become  one  of  the  important  peach  and  apple  orchard  sections 
of  the  State  and  a  large  quantity  of  fruit  is  shipped  each  year. 
ft  is  also  an  important  canning  center,  there  being  at  the  pres- 
ent time  25  canneries  with  an  output  of  200  car-loads  a  year, 
working  mostly  on  tomatoes  for  which  its  soil  and  climate 
seem  to  be  especially  adapted. 

Berkeley  Springs. 

Berkeley  Springs  is  the  county  seat  and  it  is  the  center  of 
a  large  glass  sand  industry  which  will  be  described  in  detail 
in  a  later  chapter  on  mineral  industries.  The  town  has  been 
a  resort  for  invalids  from  early  days  on  account  of  the  Warm 
Springs  which  issue  from  five  places  under  the  ridge  back  of 
the  town.  These  springs  were  highly  prized  by  the  early 
Indians,  and  Washington  made  note  of  them  in  his  journal  in 
1747.  The  water  has  a  uniform  temperature  through  the  year 
of  70  to  74  degrees  Fahrenheit,  and  contains  lime  carbonate, 
sodium  chloride,  magnesium  sulphate,  and  lime  silicate.     The 
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park  with  the  springs  is  the  property  of  the  State  and  the  place 
is  equipped  with  bath-houses  and  swimming  pools.  This  was 
one  of  the  early  white  settlements  and  the  town  was  estab- 
lished on  the  lands  of  Lord  Fairfax  in  October,  1776,  by  the 
following  Act : 

Preamble.  "Whereas  it  has  been  represented  to  the  General  As- 
sembly that  the  laying  off  of  50  acres  of  land  in  lots  and  streets  for 
a  town  at  the  Warm  Springs  in  county  of  Berkeley,  will  be  of  great 
utility,  by  encouraging  the  purchasers  thereof  to  build  convenient 
houses  for  accommodating  numbers  of  infirm  persons,  who  frequent 
those  springs  yearly  for  the  recovery  of  their  health;  Be  it  enacted, 
etc.,  that  50  acres  of  land  adjoining  the  said  springs,  being  part  of 
a  larger  tract  of  land,  the  property  of  the  right  honorable  Thomas 
Lord  Fairfax,  or  other  person  or  persons  holding  the  same  by  a  grant 
or  conveyance  from  him,  be  and  the  same  is  hereby  vested  in  Bryan 
Fairfax,  Thos.  Bryan  Martin,  Warner  Washington,  the  Rev.  Charles  M. 
Thurston,  Robert  Rutherford,  Thos.  Rutherford,  Alexander  White, 
Philip  Pendleton.  Samuel  Washington,  Wm.  Van  Swearingen,  Thos. 
Hite,  Jas.  Edmundson,  and  James  Nourse,  gentlemen,  trustees,  to  be 
by  them,  or  any  seven  of  them,  laid  out  into  lots  of  one  quarter  of  an 
acre  each,  with  convenient  streets,  which  shall  be  and  the  same  is 
hereby  established  a  town,  by  the  name  of  Bath. 

"And  be  it  farther  enacted,  That  all  the  said  Warm  Springs  ex- 
cept one  large  and  convenient  spring  suitable  for  a  bath,  shall  be. 
and  the  same  are  hereby  vested  in  the  said  trustees,  in  trust,  to  and 
for  the  publick  use  and  benefit,  and  for  no  other  purposes,  what- 
soever." 

At  the  present  day,  Berkeley  Springs  is  a  town  of  about 
864  people,  with  railroad  connection  by  a  branch  road  to  the 
main  line  of  the  Baltimore  and  Ohio  at  Hancock  Station.  Tt 
is  still  a  popular  resort  and  the  springs  seem  to  possess 
valuable  curative  properties.  It  is  a  scenic  spot  and  has  a 
number  of  good  stores,  banks,  hotels,  fine  residences,  weekly 
newspapers,  and  the  glass  sand  works  give  employment  to  a 
considerable  number  of  people.  It  is  the  natural  outlet  for 
the  trade  and  supplies  in  and  out  of  the  eastern  part  of  the 
County. 

BERKELEY  COUNTY. 

Berkele)  County  is  the  portion  of  the  original  county 
left  after  Morgan  and  Jefferson  were  separated  from  it.  The 
county  has  an  ana  of  324.78  square  miles,  and  is  bounded  on 
the  north  by  the  I'otomae  River,  separating  it  from  Washing 
ton  County,  Maryland;  and  on  the  east  by  Jefferson  County; 
on  the  south  1>\    Frederick  County,  Virginia;  and  on  the  wesl 
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by  Morgan  County.  It  was  named  in  honor  of  Governor 
Norborne  Berkeley  in  1768.  Its  population  was  21,999  by  the 
census  of  1910.  Its  resources  are  orchards,  farm  products,  and 
limestone.  It  is  one  of  the  greatest  centers  in  the  United 
States  for  high-grade,  pure,  fluxing  limestone  for  iron  and  steel 
furnaces,  an  industry  that  amounts  to  a  half-million  dollars  a 
year,  and  which  is  described  in  detail  in  the  Chapter  on 
Mineral  Resources.  It  is  one  of  the  richest  farming"  sections 
of  the  State,  with  over  1,270  farms,  and  most  of  its  area  is  laid 
out  in  farms  and  orchards. 

Orchard  Industry  of  Berkeley  County. — The  orchard  in- 
dustry of  Berkeley  County  began  at  an  early  date.  Professor 
Alderman  in  the  Semi-Centennial  History  of  West  Virginia 
(p.  342)  gives  some  interesting  early  history  of  this  industry 
and  quotes  a  lease  of  George  Washington  made  March  18, 
1774,  in  which  he  leased  125  acres  of  land  in  Berkeley  County 
and  among  other  things  specified, 

"That  within  seven  years  an  orchard  of  one  hundred  winter  apple 
trees  at  40  feet  distance  every  way  from  each  other  and  that  one 
hundred  peach  trees  shall  be  planted  on  some  convenient  part  of  the 
said  demised  land,  and  the  same  to  be  kept  always  during  the  con- 
tinuance of  said  term  well  pruned,  fenced  in  and  secured  from  horses, 
cattle,  and  other  creatures  that  may  hurt,  and  if  any  of  the  said  trees 
shall  die,  decay,  or  be  destroyed  that  others  of  the  same  kind  shall 
be  planted  in  their  place,  and  the  entire  number  thereof  shall  be 
Icept  up  during  the  said  term." 

At  this  early  day,  the  value  of  orchards  was  appreciated 
and  the  soil  and  climate  were  regarded  as  especially  favorable 
in  this  section.  From  that  day  to  this  there  has  been  an  apple 
industry  in  the  section,  becoming  more  and  more  prominent 
annually. 

According  to  the  authority  quoted  above,  the  father  of 
commercial  fruit  growing  in  this  eastern  area  was  W.  S. 
Miller  of  Gerrardstown,  who  as  early  as  1851  planted  sixteen 
acres  of  apples,  peaches,  and  plums.  By  the  close  of  the  Civil 
War,  he  had  4,000  bearing  peach  trees.  By  1901,  he  had  4,000 
apple  trees,  25,000  peach  trees,  and  large  numbers  of  plum, 
pear,  quince,  and  cherry  trees.  The  orchard  interests  of  the 
Millers,  sons  of  the  founder  of  this  industry,  are  the  largest  in 


1 8  HISTORICAL   AND  INDUSTRIAL  DEVELOPMENT. 

the  eastern  Panhandle,  including  nearly  12,000  acres  with  over 
a  half-million  trees. 

In  1900,  there  were  in  the  county,  114,802  apple  trees,  8,777 
pear  trees,  126,422  peach  trees,  1,423  cherry  trees,  15,441  plum 
trees,  and  the  total  value  of  the  fruit  crop  that  year  was 
$152,465.  At  the  present  time  the  county  has  11,700  acres  of 
apple  orchards  on  which  there  are  580,000  trees,  one-half  of 
which  are  in  bearing-.  There  are  also  150,000  peach  trees,  and 
20,000  pear  trees.  The  county  holds  first  rank  in  apple  pro- 
duction in  the  State.  The  varieties  of  apples  grown  in  this 
section  are  as  follows  :  Northwestern  Greenings,  Black  Twig, 
York  Imperial,  Ren  Davis,  Stayman  Winesaps,  Grimes  Golden, 
Gano,  Baldwin,  Wolf  River,  and  Jonathan.  The  orchards  are 
carefully  cultivated  and  sprayed  only  three  times  a  year,  while 
in  the  -West,  four  to  seven  sprayings  are  required.  The 
freight  rates  to  eastern  markets  and  tide-water  are  very  low 
compared  with  those  from  orchards  in  the  West.  The  rates 
are  27  cents  a  barrel  to  New  York,  17  cents  to  Pittsburgh,  and 
42  cents  to  Chicago.  The  flavor  and  color  are  said  to  be 
superior  to  many  western  sections.  The  market  for  the  east- 
ern Panhandle  fruit  is  expanding  each  year  and  many  car-loads 
are  shipped  to  foreign  countries.  Orchard  investments  are 
most  highly  regarded  and  some  very  large  companies  are 
engaged  in  the  work.  One  orchard  of  80  acres  and  6,000  trees 
shipped  nearly  1,800  barrels  one  season,  and  over  half  the  trees 
were  too  young  for  that  season's  bearing.  Another  orchard 
of  250  acres  and  11,537  trees  shipped  20,000  barrels,  which 
yielded  a  return  of  $150  per  acre  for  that  year.  Returns  are 
reported  as  high  as  $200  per  acre. 

A  detailed  survey  of  the  apple  orchards  of  Berkeley 
Count\-  was  made  in  1912-13  by  E.  C.  Auehter  for  the  State 
gricultural  Experiment  Station  (Bulletin  151).  From  this 
reporl  it  is  found  that  nearly  one-third  of  the  total  acreage  of 
apples  in  tin-  county  is  found  in  the  Back  (reek  Valley,  west 
mi'  North  Mountain,  also  two-thirds  of  the  peach  trees,  and 
one  half  <>f  the  pear  acreage. 

The  largesl  apple  yields  come  from  orchards  19  t<»  22 
•.  ears  old,  and  the  orchards  arc  bearing  from  8  to  10  years 
old.      These    orchards    ranere    in    size    from    5    to    nearlv    500 
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acres.  Of  the  583,657  apple  trees,  60  per  cent,  are  not  yet 
bearing.  94  per  cent,  of  the  trees  have  been  planted  in  the 
last  eighteen  years.  44  per  cent,  were  planted  from  1909  to 
1913.  There  are  over  thirty  companies  with  orchards  over 
100  acres  in  size,  and  there  are  nearly  250  orchards  and  one- 
fourth  of  these  are  10  to  19  acres  in  size. 

The  average  yield  per  acre  in  1912  was  34.8  barrels  and 
the  average  price  was  $2.13  a  barrel.  It  is  estimated  that  it 
costs  $1.25  to  produce  and  sell  a  barrel  of  apples.  The  average 
yield  per  acre  for  three  years,  1910,  1911,  and  1912,  was  40.2 
barrels,  which  were  sold  at  a  profit  of  one  dollar  per  barrel, 
or  a  net  profit  of  $40.20  per  acre.  38  per  cent,  of  the  orchards 
in  this  period  returned  over  $100  per  acre  and  eight  ran  over 
$200. 

The  National  Magazine  in  discussing  the  orchard  industry 
of  West  Virginia  (December,  1913)  states  that,  "To  the  person 
who  wishes  to  engage  in  the  fruit  business,  West  Virginia 
offers  inducements  equalled  by  no  other  State  in  the  Union. 
To  the  eastern  shipper  and  exporter  particularly,  the  quality 
of  fruit,  the  nearness  to  base  of  supply  and  the  shortness  of 
the  haul  and  consequent  low  freight  rates,  West  Virginia 
affords  the  best  marketable  opportunities." 

The  following  post-offices  were  once  established  in  the 
county,  though  most  of  these  have  been  discontinued  since  the 
rural  free  delivery  system  was  inaugurated,  but  they  represent 
the  settlements  over  the  county : 

Allensville.  Ganotown.  Martinsburg. 

Arden.  Gerrardstown.  Matchless, 

Baxter.  Glengary.  North  Mountain. 

Bedington.  Hedgesville.  Ridgeway. 

Bunker  Hill.  Inwood.  Shanghai. 

Darkesville.  Jones  Spring.  Soho. 

Falling  Waters.  Little  Georgetown.  Tablers. 

Foltz.  Marlowe.  Tomahawk. 

Van  Clevesville. 

In  addition,  there  are  the  new  towns  at  Berkeley  and  Blair 
near  the  limestone  quarries.  Some  of  these  small  towns  have 
a  very  old  history  and  were  established  by  Acts  of  the  Virginia 
Assembly.  Darkesville  was  laid  out  in  lots  and  streets  on  the 
land   of  James    Buckells   in    October,    1791,    and   was    named 
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Buckellstown.  It  was  later  named  Darkesville  in  honor  of 
Gen.  Darke  who  lived  in  that  section.  It  is  mentioned  in  the 
records  of  1835  as  containing  some  thirty  houses. 

Gerrardstown  was  established  by  legislative  Act  in  1787 
as  Middietown  and  later  named  in  honor  of  an  early  Baptist 
minister.  Rev.  John  Gerrard.  Hedgesville  was  founded  in  1830 
by  Hezekiah  Hedges,  and  is  located  near  the  site  of  old  Fort 
Hedges  of  the  days  of  Indian  warfare.  It  is  an  incorporated 
town  of  about  400  people  and  located  one  mile  west  of 
2\orth  Mountain  Station  on  the  Baltimore  and  Ohio  Railroad. 
Bedington  is  the  location  of  large  watercress  farms,  and  a 
famous  sulphur  spring  is  located  in  a  grove  just  east  of  the 
town.  Most  of  the  other  towns  and  settlements  are  the  centers 
of  farming  districts. 

Martinsburg. 

Martinsburg,  the  county  seat,  was  established  as  a  town 
in  October,  1778,  by  the  following  Act  of  the  Virginia 
Assembly : 

"Whereas  it  has  been  represented  to  this  present  General  Assem- 
bly, that  Adam  Stephens,  Esq.,  had  lately  laid  off  one  hundred  and 
thirty  acres  of  land  in  the  county  of  Berkeley,  where  the  court  house 
now  stands,  in  lots  and  streets  for  a  town,  etc.;  Be  it  enacted,  etc., 
that  the  said  one  hundred  and  thirty  acres  of  land  laid  out  in  lots 
and  streets,  agreeably  to  a  plan  and  survey  thereof  made,  containing 
the  number  of  two  hundred  and  sixty-nine  lots,  as,  by  the  said  plan 
and  survey,  relation  thereunto  being  had,  may  more  fully  appear,  be 
and  the  same  is  hereby  vested  in  Jas.  McAlister,  Joseph  Mitchell,  An- 
tliony  Noble,  Jas.  Strode,  Robert  Carter  Willis,  Wm.  Patterson,  and 
Philip  Pendleton,  gentlemen,  trustees,  and  shall  be  established  a  town 
by  the  name  of  Martinsburg." 

The  town  was  named  Martinsburg  by  General  Stephens 
in  honor  of  his  friend,  Col.  T.  B.  Martin.  It  is  described  by 
Kercheval  in  1836  as  a  town  of  1,700  people,  with  two  news 
papers,  seven  stores,  markel  house,  and  six  churches.  At  the 
present  time,  it  is  the  sixth  city  in  the  State  in  population,  with 
over  10,000  people.  In  I860,  its  population  was  3,000,  increas 
in^  to  a  little  over  0,000  in  1880.  It  is  the  shipping  center  for 
the  products  of  the  county,  and  For  the  orchards  and  farm 
products,  with  two  railroads.     It  was  formerly  a  division  point 
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on  the  Baltimore  and  Ohio  and  was  the  location  of  the  division 
shops,  but  the  division  point  was  removed  in  1895. 

Among'  its  varied  industries  was  the  Hannis  Distillery 
Company,  established  in  1867,  though  the  first  distillery  was 
located  here  in  1800  and  enlarged  in  1857,  but  destroyed 
during  the  Civil  War.  The  main  building  covers  an  area  of 
185  by  119  feet,  with  five  additional  warehouses,  and  its  daily 
capacity  was  60  barrels.  The  buildings  are  of  stone  and  the}^ 
housed  the  most  modern  stills,  mills,  condensers,  etc.,  and 
made  a  specialty  of  pure  rye  whiskey.  By  the  Prohibition  law 
in  effect  July,  1914,  the  work  ceased  at  this  plant. 

There  are  two  modern  flour  mills  with  a  daily  capacity  of 
250  barrels  of  flour.  The  Tuscarora  foundry  was  established 
in  1848  and  its  stone  building,  40  by  112  feet,  is  equipped  for 
engine  work,  castings,  and  general  repair  work.  The  quarries 
of  the  section  depend  very  largely  on  this  plant  for  their  re- 
pairs. The  city  is  supplied  with  artificial  gas  by  the  Martins- 
burg  Gas  Company  which  has  two  gas  holders  with  over 
50,000  feet  capacity.  Electric  light  and  power  are  furnished 
by  the  Martinsburg  Power  Company  from  its  two  water 
power  generating  plants  on  the  Potomac  and  by  a  steam 
auxiliary  plant  in  town.  Power  is  also  furnished  to  the  quar- 
ries by  the  Northern  Virginia  Power  Company,  whose  offices 
are  in  Winchester  and  its  power  plants  in  Morgan  and  Jeffer- 
son Counties. 

There  are  two  woolen  mills  and  the  two  large  plants  of 
the  Interwoven  Knitting  Mill  Company,  and  the  Auburn 
Wagon  Works.  The  mills  and  factories  give  employment  to 
over  2,000  people,  while  the  quarries  employ  about  1,200. 
There  is  thus  a  large  bi-weekly  payroll  and  a  prosperous 
business  condition.  In  the  city  are  two  daily  papers,  large  and 
complete  stores  of  various  kinds,  and  five  banks,  also  one  of 
the  best  hotels  in  the  Valley. 

The  U.  S.  Census  for  1914  gives  the  following  statistics 
oil  the  manufacturing  industries  of  Martinsburg : 

Number   of   establishments 37 

Wage    earners 1,568 

Capital  '  invested $2,630,000 

Wages    paid   annually 719,000 

Value    of   products 3,022,000 
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JEFFERSON  COUNTY. 

Jefferson  County  was  cut  off  from  the  eastern  portion  of 
Berkeley  in  1801.  It  is  the  most  eastern  county  of  the  State 
and  has  an  area  of  212.41  square  miles.  It  is  bounded  on  the 
north  by  the  Potomac  River,  which  separates  it  from  Wash- 
ington County,  Maryland;  on  the  east,  it  is  separated  from 
Loudoun  County,  Virginia,  by  the  Blue  Ridge;  on  the  south, 
it  is  bounded  by  Clarke  County,  Virginia.  Its  population  has 
increased  from  13,087  in  1820,  to  15,005  in  1880,  to  15,889  in 
1910. 

The  county  includes  a  farming  area  of  the  rich  limestone 
valley  and  well  watered.  Practically  the  whole  county  is  a. 
farming  and  orchard  area.  It  contains  large  deposits  of 
valuable  limestone  and  marl,  and  a  number  of  quarries  en- 
gaged in  producing  fluxing  stone  for  the  iron  and  steel  indus- 
tries, and  these  are  described  in  a  later  Chapter.  It  has  the 
only  working  iron  mine  in  the  State,  and  was  in  an  earlier  day 
a  center  of  manufacture  of  natural  cement  at  Shepherdstown. 

Orchard  Industry  of  Jefferson  County.  —  A  detailed 
orchard  survey  was  made  of  Jefferson  County  in  1914  by 
R.  R.  Jeffries  for  the  State  Agricultural  Experiment  Station 
(Bulletin  147).  The  following  facts  are  taken  from  this 
report.  In  1876,  there  were  40  acres  of  orchards  in  the  county  ; 
and  in  1913,  4,385  acres,  with  195,524  apple  trees,  so  that  3.6 
per  cent,  of  the  farm  land  of  the  county  is  planted  in  apple 
orchards. 

The  orchards  range  in  size  up  to  320  acres.  34.8  per  cent, 
of  the  trees  were  planted  in  the  years  1900-1905.  76  per  cent., 
or  over  three-fourths,  of  the  trees  were  planted  in  the  past  13 
years.  The  largest  yield  and  income  is  obtained  from  trees 
between  19  and  22  years  of  age,  where  the  average  is  83.8 
barrels  or  an  income  of  $207.26  per  acre.  Trees  7  to  10  years 
of  age  yield  an  average  of  15.8  barrels  per  acre.  The  Ben 
Davis  and  York  Imperial  varieties  are  most  common,  each 
being  over  double  the  number  of  trees  of  any  other  variety. 

The  average  Jefferson  County  orchard  over  ten  years  of 
age  produced  45.1  barrels  of  apples,  with  gross  income  of 
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$95.53  per  acre,  or  a  net  income  of  about  $34.05.  51  per  cent, 
of  the  orchards  are  producing  more  than  60  barrels  per  acre. 
Most  of  the  orchards  are  planted  30  x  30  feet  apart,  with  48 
trees  to  the  acre. 

The  following"  towns  and  settlements  are  located  in  the 
county : 

Bakerton.  Harpers  Ferry  Millvale. 

Bardane.  Kabletown.  Rippon. 

Bolivar.  Kearneysville.  Summit  Point. 

Charlestown.  Middleway.  Shenandoah  Junction. 

Duffields.  Engle.  Shepherdstown. 

Halltown.  Leetown. 

Of  these  towns  the  following  are  located  at  the  quarries  : 
Bakerton,  Engle,  Kearneysville,  and  Millville.  Leetown  was 
the  home  of  General  Charles  Lee,  and  General  Gates  lived  near 
Duffields.  The  three  largest  towns  are,  Charlestown,  Harpers 
Ferr}^,  and  Shepherdstown. 

Charlestown. 

Charlestown  is  the  county  seat  and  was  established  by 
Act  of  the  Virginia  Assembly  in  October,  1786,  as  follows: 

"Be  it  enacted  by  the  General  Assembly  that  80  acres  of  land, 
the  property  of  Charles  Washington,  lying  in  the  county  of  Berkeley, 
be  laid  out  in  such  manner  as  he  may  judge  best,  into  lots  of  one-half 
acre  each,  with  convenient  streets,  which  shall  be,  and  is  hereby 
established  a  town,  by  the  name  of  Charlestown." 

Charles  Washington  was  a  brother  of  George  Washington. 
In  1860,  the  town  had  a  population  of  1,376;  in  1900,  2,392;  in 
1910,  2,662.  As  early  as  1797,  it  was  made  the  location  of  the 
Charlestown  Academy,  and  at  the  present  time  is  the  location 
of  Powhatan  College.  It  is  a  town  of  homes  and  has  good 
stores,  hotels,  and  a  few  manufacturing  plants. 

Harpers  Ferry. 

Harpers  Ferry  is  located  at  the  junction  of  the  Shenan- 
doah and  Potomac  Rivers  and  was  first  settled  by  Robert 
Harper  not  long  after  the  settlement  at  Shepherdstown.     The 
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place  was  first  called  Shenandoah  Falls.  By  Act  of  Congress 
in  1794,  the  Government  Arsenal  was  located  here  and  the 
gun  factory  erected  in  1799.  It  was  in  operation  until  de- 
stroyed during-  the  Civil  War. 

Kercheval  writing  in  1836  gives  the  following  description 
of  the  Arsenal  at  that  time  (p.  371 )  : 

"This  is  the  location  of  the  U.  S.  armory,  and  in  the  several  shops 
are  generally  employed  about  300  first  rate  mechanics,  engaged  in  the 
manufacture  of  arms  for  the  purpose  of  War.  There  are  annually 
made  about  6000  to  7000  muskets,  2000  to  3000  rifles,  besides  an  im- 
mense number  of  swords,  pistols,  and  other  side  arms.  The  Govern- 
ment employs  at  this  establishment  a  superintendent  general,  a  pay- 
master, and  a  number  of  clerks.  The  quantity  of  iron,  steel,  brass, 
and  other  materials  annually  wrought  up,  is  immense.  A  vast  number 
of  strangers  annually  visit  this  place  to  gratify  their  curiosity  in  see- 
ing and  inspecting  the  public  works  and  great  mechanical  operations, 
so  extensively  carried  on.  The  machinery  of  the  musket  factory  ife 
wrought  by  the  waters  of  the  Potomac,  and  that  of  the  rifle  factory 
by  the  waters  of  the  Shenandoah. 

'This  site  for  the  public  works,  it  is  said,  was  first  marked  out 
or  recommended  by  the  immortal  Washington,  and  is  certainly  evidence 
of  his  superior  skill  and  judgment  in  all  military  matters." 

The  bridge  across  the  river  replacing  the  old  ferry  was 
chartered  May  22,  1836,  and  subscription  books  opened  on 
March  26,  1838.  It  is  mentioned  by  Howe  as  in  use  in  IS  15, 
and  as  800  feet  in  length.  The  population  at  the  present  tinv 
is  about  800. 

The  scenery  at  Harpers  Ferry  is  probably  as  grand  and 
picturesque  as  at  any  place  in  the  State,  and  was  described  by 
Thomas  Jefferson  in  language  which  is  regarded  as  a  literary 
classic.  His  book  entitled  "Notes  on  Virginia",  published  in 
1788,  passed  through  several  editions.  The  following  descrip- 
tion of  the  scenery  at  Harpers  Ferry  is  taken  from  the  edition 
i  I   1X01   (p.  27)  : 

"The  passage  of  the  Potomac  through  the  Blue  ltidge  is,  perhaps, 
one  of  the  most  stupendous  scenes  in  nature.  You  stand  on  a  very 
high  point  <>f  land;  on  your  righl  comes  up  the  Shenandoah,  having 
ranged  alon.i:  l  in*  loot  of  a  mountain  a  hundred  miles  to  seek  a  vent 
On  your  lefl  approaches  the  Potomac,  in  quesl  of  a  passage  also;  in 
the  moment  of  their  junction  they  rush  togel her  against  the  mountain, 
rend  it  asunder,  and  pass  off  to  the  sea.  The  first  glance  of  this 
scene  hurries  our  senses  into  the  opinion  that  this  earth  has  been 
■  reated  in  time;  thai  tiie  mountains  were  formed  first;  that  the  rivers 
began  to  flow  afterwards;  that  in  this  place  particularly  they  have 
been  dammed  up  by  the  Blue  Ridge  of  mountains,  ami  have  formed 
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an  ocean  which  filled  the  whole  valley;  that,  continuing  to  rise,  the- 
have  at  length  broken  over  at  this  spot,  and  have  torn  the  mountain 
down  from  its  summit  to  its  base. 

"The  piles  of  rock  on  each  hand,  particularly  on  the  Shenand^ 
the  evident  marks  of  their  disrupture  and  avulsion  from  their  beds  by 
the  most  powerful  agents  of  nature,  corroborate  the  impression.  But 
the  distant  finishing  which  nature  has  given  to  the  picture,  is  of  a 
very  different  character;  it  is  a  true  contrast  to  the  foreground;  it  is 
as  placid  and  delightful,  as  that  is  wild  and  tremendous;  for  the 
mountains  being  cloven  asunder,  she  presents  to  your  eye,  through  the 
clefts,  a  small  catch  of  smooth  blue  horizon,  at  an  infinite  distance  in 
the  plain  country,  inviting  you,  as  it  were,  from  the  riot  and  tumult 
warring  around,  to  pass  through  the  breach  and  participate  of  the 
calm  below.  Here  the  eye  ultimately  composes  itself;  and  that  way, 
too,  the  road  happens  actually  to  lead.  You  cross  the  Potomac  above 
the  junction,  pass  along  its  side  through  the  base  of  the  mountain 
for  three  miles,  its  terrible  precipices  hanging  in  fragments  over  you, 
and  within  about  twenty  miles  reach  Fredericktown,  and  the  fine  coun- 
try around  that.  The  scene  is  worth  a  voyage  across  the  Atlantic; 
yet  here,  as  in  the  neighborhood  of  the  Natural  Bridge,  are  people  who 
have  passed  their  lives  within  half  a  dozen  miles,  and  have  never  been 
to  survey  these  monuments  of  a  war  between  rivers  and  mountains 
which  must  have  shaken  the  earth  itself  to  its  centre." 

While  the  explanation  of  Jefferson  can  hardly  be  accepted 
now  for  the  origin  of  this  gorge  with  more  knowledge  avail- 
able for  the  study  of  rivers,  the  description  of  this  beauty  spot 
in  nature  could  hardly  at  this  day  be  equalled.  It  deserves  to 
remain  a  classic  bit  of  description  in  poetic  prose.  Jefferson 
delighted  in  this  scenic  area  and  his  favorite  viewpoint  was 
from  a  high  rock  on  the  mountain  back  of  the  town  of  Harpers 
Ferry  which  commanded  a  superb  view  of  the  rivers  and  the 
gorge.  He  doubtless  was  sitting  on  this  rock  when  he  com- 
posed the  above  description  of  the  gorge.  This  rock  is  the 
object  point  of  tourists  of  the  region  at  the  present  and  is 
known  as  "Jefferson's  Rock". 

Howe  visited  the  rock  in  1845  and  thus  describes  it  at  that 
time  (p.  335)  : 

"The  top  of  the  rock  is  flat,  12  feet  square,  its  base  does  not 
exceed  5  feet  in  width,  and  rests  on  top  of  a  larger  rock  and  its  height 
is  about  five  feet.  The  whole  mass  is  so  ba'anced  that  the  appMcation 
of  a  small  force  will  cause  it  to  vibrate  considerably.  On  this  rock 
once  reposed  another  rock  on  which  Mr.  Jefferson  during  a  visit  to 
this  place  inscribed  his  name.  In  the  extraordinary  political  excite- 
ment of  1798-9  between  the  Federal  and  Democratic  parties,  a  Captain 
Henry  who  was  stationed  here  with  some  United  States  troops,  at 
the  head  of  a  band  of  his  men,  hurled  off  the  apex  of  this  rock." 
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One  of  the  curiosities  of  the  region  is  an  outline  of  a  face 
on  the  cliffs  of  the  Maryland  side  as  seen  from  Harpers  Ferry. 
It  bears  a  striking  resemblance  to  the  pictures  of  Washington 
and  is  pointed  out  to  tourists  by  the  guides.  Howe  in  1845 
comments  on  this  face  on  the  cliffs  as  follows : 

"There  is  said  to  be  a  wonderful  likeness  of  Washington  in  the 
stupendous  rocks  which  overhang  the  Potomac.  The  nose,  lips,  and 
chin  are  admirably  formed  and  bear  the  semblance  of  studied  art. 
The  forehead  is  obscure;  yet  there  is  sufficient  to  give  the  mind  a  just 
idea  of  the  noble  form  and  dignified  carriage,  with  its  mildness  of 
feature,  which  the  original  possessed  so  pre-eminently  as  to  inspire  all 
men  with  a  profound  reverence  towards  this  august  personage." 

Shepherdstown. 

Shepherdstown,  under  the  name  of  Mecklenburg,  was 
established  by  legislative  Act  in  November,  1762,  laying  off 
50  acres  of  land  owned  b)r  Captain  Thomas  Shepherd,  on 
the  Potomac  River,  into  streets  and  lots.  Its  population  in 
1850  was  1,561;  and  in  1910,  1,070.  It  was  the  home  of 
Rumsey,  the  inventor  of  the  steamboat,  and  was  the  location  of 
one  of  the  early  cement  mills  in  the  country  described  in  a  later 
Chapter.  The  town  is  reached  by  the  Norfolk  and  Western 
Railroad  and  there  is  here  a  wagon  bridge  over  the  Potomac. 
Shepherdstown  was  the  county  seat  of  Jefferson  County  from 
1865  to  1871,  and  was  in  consideration  at  one  time  as  a  location 
for  the  National  Capital. 

At  this  place  was  located  one  of  the  oldest  academies  in 
Virginia.  It  was  in  existence  in  1787  and  was  probably  estab- 
lished before  1776.  In  the  fall  of  1871,  the  old  court-house  wa.. 
leased  for  educational  purposes  and  Shepherd  College,  a  clas 
sical  and  scientific  institute,  was  opened.  On  February  27. 
1872,  the  Legislature  of  West  Virginia  passed  an  Act  estab- 
lishing a  "Branch  of  the  State  Normal  School  at  Shepherd 
College  for  the  instruction  and  practice  of  teachers  of  tree 
;<  hools  in  the  science  of  education  and  the  art  of  teaching." 
The  school  was  opened  November  21,  1X72,  and  the  complete 
<>ik  was  established  in  September,  1X73.  In  1909  the  build- 
ing of  Shepherd  <  College  was  leased  by  the  State  for  a  period  of 

25  years.      A   second  building  was  creeled   in    1889  b\    the  Clti 
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zens  of  the  town  and  is  used  as  a  model  school  and  for  an 
armory.  A  new  building  was  erected  in  1904  on  grounds  pur- 
chased by  the  State  and  is  used  for  class  work,  library,  society 
halls,  and  auditorium  seating  700.  The  school  has  an  enroll- 
ment of  about  300. 

STATISTICS. 

The  following  statistics  of  the  three  counties  are  taken 
from  the  U.  S.  Census  reports  of  1910 : 

The  population  by  districts  in  the  counties  is  as  follows : 

Morgan   County:                Berkeley  County:  Jefferson   County: 

Allen    1,148    Arden    1,844  Charlestown    ...   5,444 

Bath    2,280    Falling  Waters.   1.266  Harpers  Ferry..   3,176 

Cacapon    2,312    Gerrardstown. .  .    2,433   Kabletown    2,132 

Rock    Gap 773   Hedgesville    ....   2  596   Middleway 2,105 

Sleepy    Creek 713    Martinsburg    ...10,698  Shepherdstown.    3,032 

Timber  Ridge....    622   Mill    Creek 1,571  

•    Opequon     1,591        Total    15,889 

Total     7,848  

Total    21,999 

If  the  above  figures  of  population  are  compared  with  the 
area  of  the  counties  in  square  miles,  it  will  be  seen  that  the 
density  of  population  is  light, — 

Morgan    County 34  people  to  the  square  mile. 

Berkeley  County 68  people  to  the  square  mile. 

Jefferson   County 75  people  to  the  square  mile. 

The  following  agricultural  statistics  are  taken  from  the 
U.  S.  Census  for  1910: 

Total  Value  of  Crops,  1910. 

Morgan   County %    418,975 

Berkeley  County 1,231,255 

Jefferson    County 1,265,266 

Morgan  County  has  149,120  acres,  of  which  107,659  acres 
are  in  farms,  or  72.2  per  cent.  Of  this  farm  land,  44.3  per  cent, 
is  in  cultivation.  There  are  866  farms  with  an  average  area 
each  of  124.3  acres.    The  average  value  per  acre  is  $10.31.    The 
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value  of  farm  property  is  $1,959,375,  and  the  value  of  the  farm 
lands  is  $1,110,357. 

Berkeley  County  has  208,000  acres  of  land,  of  which 
159,216  are  in  farms,  or  76.5  per  cent.  Of  this  farm  land,  73.4 
per  cent,  is  improved.  There  are  1,288  farms  and  average 
number  of  acres  to  a  farm  is  123.6.  The  average  value  of  the 
farm  land  per  acre  is  $29.38  (the  State  average  is  $20.65).  The 
"\  alue  of  farm  property  is  $7,523,456  and  of  the  farm  kinds  is 
$4,676,980. 

Jefferson  County  has  135,040  acres  of  land,  of  which 
120,786  are  in  farms,  or  89.4  per  cent.,  and  86.7  per  cent,  of 
this  land  is  improved.  There  are  836  farms  and  average 
acreage  per  farm  is  144.5,  and  average  value  per  acre  is  $53,55. 
The  value  of  farm  property  is  $9,946,933,  and  the  value  of  farm 
lands  is  $6,468,679. 

The  following  statistics  show  the  changes  in  population 
of  the  three  counties  as  given  in  the  U.  S.  Census  Reports : 

1790         18C0         1810         1820         1830         1840         1850 

Morgan 2,500       2,694       4.253       3,557 

Berkeley    19,713     22,006     11,479     11,211     10,518     19,972     11,771 

Jefferson    11,851     13,087     12,927     14,082     15,357 

1860         1870         1880         1890         1900         1910 

Morgan     3,732       4,315       5,777       6,744       7,292       7,848 

Berkeley   12,525     14,900     17,380     18,702     19,469     21,999 

Jefferson    14,535     13,219     15,005     15,553     15,935     15,889 

TIMBER  RESOURCES  AND  THE  LUMBER 
INDUSTRY. 

Mr.  A.  J'..  Brooks  lias  described  very  fully  the  timber 
!■  sources  and  the  lumber  industry  of  the  State  in  Volume  V 
of  the  West  Virginia  Geological  Survey  Reports.  The  por- 
tions of  this  report  that  apply  to  the  eastern  Panhandle  area 
are  here  reproduced  from  thai  volume,  and  should  be  of  special 
interest  and  value  to  the  citizens  of  this  section  and  to  all  who 
may  wish  to  know  more  about  this  eastern  section  of  the  State. 
The  following  paragraphs  are  taken  from  Professor  Brooks' 
report : 
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"MORGAN   COUNTY. 

"The  kinds  and  abundance  of  timber  were  usually  mentioned  in 
early  days,  to  indicate  the  value  of  the  soil;  but  it  must  be  concluded 
that  at  least  some  value  was  placed  by  Washington  on  the  timber 
itself,  for  he  instructed  'The  Tenant  not  to  remove  any  of  the  Walnut 
timber  from  the  Land;  or  to  split  it  into  rails;  as  I  should  reserve  that 
for  my  own  use. — ' 

"From  his  intimate  acquaintance  with  the  forests  of  the  county 
for  the  past  forty  years  Dr.  William  H.  McCullough,  of  Sleepy  Creek, 
is  able  to  give  the  following  list  of  trees  with  approximate  percentages 
showing  their  former  relative  abundance: 

"Chestnut   Oak 20  per  cent. 

White    Oak 20  per  cent. 

Pines   (including  White,  Pitch,  Scrub  and  Yellow 

Pine)     10  per  cent. 

Black    Oak (20  per  cent. 

Red    Oak j 

Chestnut    20  per  cent. 

Others  (including  Sugar  Maple,  Red  Maple,  Lo- 
cust, Hickory,  White  Ash,  Cherry,  Hemlock. 
Basswood,  Black  Gum,  Black  Walnut,  Syca- 
more)      10  per  cent. 

"The   Lumber  Industry  and  Timber  Destruction. 

"The  rich  bottom  and  cove  land  of  the  county  was  sought  after 
and  occupied  at  an  early  date  and  much  of  the  b?st  timber  destroyed 
before  it  had  a  merchantable  value. 

"It  can  not  now  be  ascertained  when  the  first  water-power  saw 
mills  operated  nor  what  were  the  names  of  their  oAvners.  It  is  stated 
that  these  primitive  mills  were  once  numerous  along  the  larger  tribu- 
taries of  the  Potomac  and  that  large  amounts  of  excellent  lumber  were 
manufactured  to  supply  local  demands.  The  first  steam  saw  mill — at 
least  in  the  northeastern  part  of  the  county — is  faid  to  have  been  put 
in  operation  near  Cherry  Run  by  Louis  Shipley  in  the  year  1870. 
Soon  after  this  date,  it  is  certain,  mills  of  this  kind  became  numerous 
and  have  so  remained  to  the  present.  At  first,  when  prices  were  low, 
only  the  choicest  lumber  was  manufactured  and  sold;  later,  when 
prices  became  high,  only  the  more  inferior  timber  remained.  For 
this  reason,  therefore,  the  lumber  industry  has  often  proA*ed  unprofit- 
able both  to  the  original  owner  and  to  the  manufacturer. 

"Waste  has  been  everywhere  in  evidence.  Bark  from  the  chest- 
nut oak  timber — once  so  abundant  on  all  the  dry  mountain  ridges — 
was  stripped  off  for  local  tanneries  at  Berkeley  Springs,  Pawpaw  and 
other  points,  and  the  trunks  left  on  the  ground  to  decay;  wasteful 
methods  of  lumber  manufacture  have  been  emploved;  a  great  number 
of  young  trees  have  been  cut — especially  during  the  last  15  years — for 
mine  props,  cross-ties,  poles  and  pulp  wood;  and  forest  fires  have 
prevailed  in  the  wooded  mountains  during  dry  weather  for  more  than 
a  century. 

"Present    Forest    Conditions. 

"There  are  no  virgin  forests  of  any  consequence  now  remaining 
in  the  county.  The  cut-over  forests  lie  on  the  3  principal  mountains 
and  comprise  an  area  of  about  25,000  acres.     The  timber  on  the  cut- 
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over  areas  is  not  good.  The  prevailing  species  are  white  oak,  black 
oak  and  chestnut  oak,  with  a  scattered  growth  of  other  more  or  less 
stunted  hardwoods,  and  with  a  few  white,  yellow  and  scrub  pines. 

"The  large  number  of  healthy  young  locusts  growing  now  in  the 
county  will  be  a  valuable  asset  to  all  owners  of  woodland  provided  the 
trees  are  not  seriously  molested  for  a  period  of  20  years. 

"The  wooded  mountains — although  producing  but  little  timber  and 
of  an  inferior  grade — are,  nevertheless,  indispensable  factors  in  keep- 
ing up  the  water  flow  of  the  many  streams  throughout  the  whole  re- 
gion. The  forest  cover,  for  the  purpose  mentioned  above,  should 
be  maintained  and  protected  at  all  hazards.  The  water  power  capable 
of  development  is  very  great.  An  electric  plant  located  at  the  Horse- 
shoe Bend  of  the  Great  Cacapon  River  is  now  supplying  light  to  the 
towns  of  Berkeley  Springs,  Hancock  and  Great  Cacapon,  and  power 
to  a  number  of  sand  plants  near  the  town  of  Berkeley  Springs. 

"The  county  is  well  adapted  to  fruit  growing  and  considerable 
of  the  wooded  hill  land,  almost  worthless  for  the  growing  of  other 
crops,  is  being  profitably  utilized  for  the  culture  of  peaches. 

"Outside  of  the  cut-over  timber  lands  the  farmers  in  the  valleys 
have  from  25  to  40  per  cent,  of  their  farms  in  timber." 

"BERKELEY    COUNTY. 

"Original    Forest    Conditions. 

"There  is  little  authority  for  making  a  definite  statement  in  re- 
gard to  the  original  forests  of  the  county,  for  original  conditions  in 
most  places  have  long  ago  passed  away.  This  is  particularly  the 
case  in  the  rich  agricultural  districts  where  the  best  of  the  timber 
must  have  grown.  On  some  of  the  mountain  ridges  in  the  west,  it  is 
true,  there  are  boundaries  of  woodland  thar  have  not  been  so  greatly 
disturbed;  but  the  timber  on  these  often  consists  of  such  species  as 
chestnut  oak,  bear  oak,  pitch  pine  and  scrub  pine,  and  does  not  fairly 
represent  the  original  forests  in  other  sections.  It  can  be  gathered 
from  the  character  of  the  small  and  somewhat  isolated  woodlots  of 
the  eastern  sections,  and  from  the  records  left  by  various  writers 
on  the  resources  of  West  Virginia,  that  there  was  once  an  enormous 
growth  of  poplars,  hickories  and  other  hardwoods  in  the  fertile  vallev 
lands.  Yellow  pine  is  said  to  have  been  common  on  Back  Mountain 
and  vicinity.  Pitch  pine  and  scrub  pine,  as  well  as  chestnut  oak  and 
-dine  other  varieties,  grew  abundantly  on  thin  dry  land. 

"The   Lumber  Industry. 

"Hon.  C.  J.  Faulkner,  wriling  of  the  industries  in  Berkeley  County 
in  1810,  gives  the  following  information:  'There  are  in  this  county 
upwards  of  50  grisl  mills  or  merchants  mills,  as  many  saw  mills,  sev- 
•  ml  Culling  mills,  an  oil  mill  and  a  paper  mill.' 

"M  i,  probable  thai  within  25  years  from  the  above  dale  the  num- 
ber <>l  ::iv.  mills  in  operation  was  much  smaller.  From  Joseph  Mar- 
lisi  of  the  wood-working  industries  of  IX:'.r>  we  learn  that  there 
W(  re  '7  wagon   makers,  1   chair  maker  and  :'.   tanners'  at    that    lime,  but 

ro  mention  is  made  of  even  a  single  saw  mill. 

"After  the  days  When  the  <>ld,  uprighl  saw  mills  had  ceased  to 
flourish  In  the  county,  Bmall  portable  mills  were  brought  in  and  have 
bi ■■  n    moved    from    place    to    place    for    50    years,    sawing    out    'sets- 
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wherever  a  few  score  logs  could  be  brought  together.  Four  or  5  mills 
still  run  irregularly. 

"Much  of  the  good  white  oak  was  cut  for  ship  timber.  The  chest- 
nut oak  has  been  peeled  for  tan-bark  and  the  trunks  used  for  railroad 
lies. 

"A  water-power  mill  at  Tuscarora  was  built  in  1809;  and  a  water- 
power  box  factory  has  been  operated  on  the  Opequon  for  about  100 
years. 

"The  Auburn  Wagon  Company,  of  Martinsburg,  uses  about  2  mil- 
lion feet  annually  of  oak,  ash,  hickory,  pine,  gum  and  poplar  in  the 
manufacture   of  vehicles   of   various   kinds. 

"Present    Forest    Conditions. 

"Mr.  Alexander  Clohan,  of  Martinsburg,  gives  the  following  in- 
formation regarding  the  present   conditions  in  Berkeley   County: 

"  'The  best  tract  of  timber  east  of  North  Mountain  contains  about 
27  acres  and  lies  a  short  distance  west  of  Tabler  station  on  the  Cum- 
berland   Valley    Railroad.     The    woodlots    belonging    to    the    farmers, 
throughout   this   section   are   fairly   good   but   about   half  of  the   land 
owners  have  none  at  all. 

"  'Following  down  the  Opequon  we  find  the  pine  hill  lands  lying 
between  Berkeley  and  Jefferson.  Most  of  the  pine  here  is  'Bull'  pine 
and  scrub  pine  and  is  not  valuable  commercially  except  for  boxes,  etc. 

"  'There  is  more  timber  and  a  much  greater  percentage  of  wood- 
land from  the  middle  of  the  county  westward.  The  west  side  of 
North  Mountain  is  covered  with  fairly  good  timber,  consisting  of 
hickory,  pine,  chestnut,  chestnut  oak,  black  oak  and  others.  Lower 
clown  there  are  water  maples,  sycamores  and  others  that  usually  grow 
with  them.  There  is  probably  an  area  of  about  1,000  acres  in  that 
section  that  has  not  been  closely  cut  over.  This  is  held  in  rather 
small  tracts  by  different  owners.  There  are  about  10,000  acres  of 
forest  land  on  Back  Mountain  and  on  Sleepy  Creek  Mountain.  The 
timber  on  this  area  is  of  little  value  except  for  staves  and  cross-ties. 

"  'Gerrardstown  and  Hedgesville  Districts  are  the  roughest  and 
most  mountainous  in  the  county.  The  other  5  districts  are  well  im- 
proved, Arden  and  Opequon  having  perhaps  90  per  cent,  of  cleared 
land. 

"  'Pine  comes  up  almost  spontaneously  on  abandoned  land  on  the 
west  side  of  North  Mountain,  and  on  the  east  side  locusts  seem  to 
predominate'." 

"JEFFERSON    COUNTY. 

"Original    Timber   Conditions. 

"The  fertile  limestone  areas  of  the  county  once  contained  a  su- 
perior stand  of  hardwoods.  Of  these  the  chief  were  probably  white 
oak,  red  oak,  hickory,  poplar,  ash,  and  black  walnut.  Others  of  the 
hill  land  were  chestnut  (on  Blue  Ridge),  pitch  pine,  scrub  pine,  locust, 
chestnut  oak  and  scarlet  oak. 

"No  definite  data  can  now  be  collected  regarding  original  condi- 
tions as  the  forests  have  long  since  been  cleared  away  or  stripped 
of  their  virgin  growth. 
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"The   Lumber   Industry 

"Jefferson  County  has  been  settled  for  nearly  200  years.  For 
more  than  100  years,  certainly,  after  the  settlement  of  Shepherdstown 
(then  Mecklenberg)  in  1727,  there  could  have  been  little  or  no  com- 
mercial use  made  of  the  trees  that  were  cut.  When  the  Baltimore 
and  Ohio  Railroad  reached  Harpers  Ferry  in  December,  1834,  how- 
ever, the  timber  of  the  county  began  to  have  some  marketable  value, 
especially  as  it  was  of  good  quality  and  easily  accessible  from  this 
terminus.  From  1834  to  the  present  the  county  has  furnished  a  large 
amount  of  timber.  Many  of  the  young  trees  standing  when  the  forests 
were  first  cut  over  reached  a  large  size  within  a  hundred  years  and 
were  cut  as  a  second  crop. 

"Mr.  J.  Garland  Hurst,  of  Harpers  Ferry,  says  that  water-power 
saw  mills  were  once  common  along  the  streams  and  sawed  not  only 
for  domestic  use  but  for  commercial  purposes  as  well.  There  is  still 
one  water-power  saw  mill  in  running  order  at  Halltown  on  Flowing 
Run.  Steam  saw  mills  have  operated  irregularly  in  the  county  for 
many  years.  Joseph  Martin,  an  early  writer  on  the  resources  of 
Virginia,  lists  2  saw  mills  for  Jefferson  County  in  1835.  One  of  these, 
located  at  Harpers  Ferry,  he  asserts  was  'one  of  the  most  valuable  in 
the  United  States.' 

"There  are  4  or  5  portable  saw  mills  now  in  the  county. 

"Present    Forest   Conditions. 

"At  least  75  per  cent,  of  the  whole  county  has  been  cleared. 
There  are  some  small,  pastured  woodlots  connected  with  the  farms 
in  the  improved  sections.  The  West  Virginia  side  of  the  Blue  Ridge 
Mountains  is  largely  covered  with  a  growth  of  inferior  hardwoods. 
There  are  areas  of  considerable  extent  also  overgrown  with  scrub 
oaks   and   pires  near  the  Berkeley  County  Line." 


CHAPTER  II 


PHYSIOGRAPHY  OF  THE  EASTERN 
PANHANDLE  COUNTIES. 


Topography  refers  to  the  configuration  of  the  surface  of 
the  land,  the  hills,  mountains,  streams,  and  valleys.  Physiog- 
raphy is  the  study  of  the  topograph)^  or  surface  features  of 
the  land,  in  its  characters,  origin,  growth,  and  final  destiny. 
The  systematic  study  of  this  subject  is  mainly  American. 
Lesley  in  Pennsylvania  as  early  as  1840  was  an  enthusiastic 
student  of  the  subject  and  has  given  to  the  world  important 
contributions  to  the  science.  The  early  students  of  topog- 
raphy saw  the  relation  of  earth  structure  to  water  action 
resulting  in  the  planing  down  of  the  land  surface  and  its 
sculpture,  but  they  believed  the  work  was  due  to  an  instan- 
taneous or  cataclysmic  force,  and  not  a  gradual  continuous 
operation.  As  stated  then  by  Lesley,  who  afterward  aban- 
doned this  view,  "the  present  waters  are  the  powerless  mod- 
ern representatives  of  those  ancient  floods  which  did  the 
work".     Topography  was  thus  the  result  of  extinct  processes. 

The  modern  conception  of  the  work  of  land  sculpture 
began  with  the  illustrious  work  of  Powell  and  others  in  the 
geological  survey  of  the  West  about  1870.  The  wonderful 
erosion  effects  in  that  western  country  brought  new  land 
problems  and  new  solutions  to  old  problems,  and  modern 
physiographical  science  resulted.  They  found  in  those  west- 
ern plains  and  plateaus  that  topography  was  clearly  the 
direct  result  of  erosion.  It  was  erosion  that  carved  the  hills 
and  mountains  and  deep  canyons  and  valleys  often  in  most 
picturesque  patterns.  Erosion  not  content  with  patterns  pro- 
duced, changed  these  into  still  other  forms,  and  it  is  ever  at 
work  in  this  process  of  change.     The  engraving  tools  of  frost, 
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heat,  and  cold,  wind,  rain,  running  water,  are  making  great 
waste  of  land  material  which  is  started  on  its  almost  ceaseless 
inarch,  short  or  long,  to  the  sea,  the  final  resting  place  for 
such  materials.  The  sea  floor  may  be  raised  and  the  work 
started  over,  as  has  happened  repeatedly. 

In  order  to  understand  the  results  of  all  this  work  of 
atmospheric  and  aqueous  agencies  on  the  land  area,  let 
imagination  picture  the  growth  of  a  typical  land  area.  The 
sediments  accumulating  below  the  waters  of  the  sea  become 
cemented  together  and  consolidated  into  rock  masses  which 
by  earth  movements  are  raised  into  dry  land,  a  smooth  upland 
plain  or  plateau  with  its  minor  depressions  and  irregularities. 
The  rains  descend  upon  this  land  and  the  water  gathers  in  the 
depressions  and  flows  off  in  small  rivulets.  These  small 
streams  flow  together  and  form  larger  ones  and  pursue  their 
paths  seaward.  With  increase  in  volume  the  creeks  become 
rivers  in  deeper  and  deeper  channels.  The  larger  streams 
follow  nearly  parallel  courses  separated  by  low  divides  with 
lakes  in  the  depressions.  With  the  cutting  action  of  the  silt 
laden  waters,  the  channels  are  cut  deeper,  the  little  tributaries 
are  enlarged,  cutting  backward  into  the  divides  until  the  land 
area  is  covered  with  a  branching  net-work  of  streams  like  the 
branches  and  twigs  on  the  trunk  of  a  tree,  a  dendritic  arrange- 
ment. Side  by  side  with  the  waste  of  the  land  through  erosion 
by  water,  the  atmospheric  agencies  are  at  work  widening  the 
upper  portions  of  the  valleys  which  thereby  lose  their  trench 
like  character  and  approach  V-shaped  valleys. 

As  these  young  streams  cut  their  channels  downward, 
'  bstructions  may  be  met,  a  mass  of  hard  rock  or  other 
material,  and  the-  run  or  creek  bends  around  it,  or  the  inequal 
it)  of  the  original  surface  may  deflect  its  course,  so  that  the 
path  seaward  is  nol  the  straight  and  narrow  one,  but  a  more 
or  less  winding  course  The  head  of  the  stream  and  every 
tributary  arc  cutting  backward  in  a  course  more  or  less  irregu- 
lar, 50  thai  the  final  course  may  be  very  different  from  its 
original,  The  stream  may  also  wind  on  its  flood  plain,  result 
ing  in  a  meandering  river  <>r  creek.  As  this  erosive  work  goes 
(,n   day   and   night,   year   after   year,   century    upon    century. 

through   the  eons  of  lime,  the  streams  on  the  two  sides  of  the 
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divide  approach  each  other,  finally  cutting  away  the  divide 
into  a  series  of  hills  which  are  further  attacked  by  the  tireless 
energy  of  water  and  air,  until  they  also  are  removed  wholly  or 
in  part.  There  remains  a  smooth  plain  no  longer  upland  but 
lowland  near  the  level  of  the  sea,  and  the  land  is  said  to  be  at 
base-level,  and  the  cycle  is  completed  from  sea-plain  through 
upland-plain  to  coastal-plain.  This  new  plain  is  not  the  level 
area  it  was  in  the  beginning  of  its  history,  for  here  and  there 
are  the  low  hills  left  between  the  streams,  but  it  is  almost  a 
plain,  and  so  has  been  named  a  peneplain  (pene — almost). 
Earth's  forces  may  again  raise  the  low  peneplain  to  an  upland, 
and  the  work  of  erosion  begins  a  second  time,  following  the 
same  line  of  development.  There  will  remain  characters 
which  usually  identify  the  old  plain,  and  as  a  result  of  the 
study  in  the  Appalachian  area,  three  such  plains  are  clearly 
identified  with  a  fourth  in  many  parts  of  the  area.  These  four 
plains  are  discussed  in  a  later  portion  of  the  present  Chapter. 

TOPOGRAPHICAL  DIVISIONS. 

The  studies  referred  to  as  taking  place  in  the  far  West 
established  many  fundamental  principles  of  physiography 
which  later  found  an  application  in  the  eastern  part  of  the 
United  States.  As  a  result  of  the  work  in  this  eastern  section 
by  McGee,  Willis,  Davis,  Hayes,  Campbell,  and  others,  we 
now  have  an  interesting  geological  history  of  the  development 
of  the  topography  of  the  eastern  part  of  the  continent.  New 
York,  Pennsylvania,  New  Jersey,  Maryland,  West  Virginia, 
Virginia,  and  the  States  to  the  south,  may  be  divided  into 
three  general  topographical  divisions — Coastal  Plain,  Pied- 
mont Plateau,  and  Appalachian  Area. 

The  COASTAL  PLAIN  represents  the  fringe  of  land 
from  Maine  to  Florida  and  around  the  Gulf  Coast  which  is 
composed  of  horizontal  beds  of  usually  unconsolidated  sedi- 
ments of  late  geological  age.  In  width  it  extends  from  the 
Atlantic  coastal  shelf  west  to  the  crystalline  rock  plateau. 
Its  history  has  been  one  of  subsidence  and  elevation  probably 
oft  repeated.  Its  contours  are  low,  its  valleys  broad,  often 
forming  estuaries  near  the  mouths  of  the  streams. 
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Figure  4.     Map  showing  the  Topographical  Divisions  of  the   Eastern 

United  States. 


The  PIEDMONT  PLATEAU  lies  along  the  eastern  foot 
of  the  Appalachian  Mountain  ranges.  It  extends  west  to  the 
Blue  Ridge  .Mountains  and  cast  to  the  Coastal  Plain.  This 
eastern  line  is  often  called  the  "Fall  Line"  as  the  larger 
streams  are  navigable  below  this  line,  while  above  they  are 
marked  b)  waterfalls  or  rapids.  This  location  represented  in 
the  early  histor)  of  the  country  the  upper  limit  of  navigation 
and  the  lower  limit  of  water  power,  a  combination  of  natural 
advantages  which  determined  settlements;  and  along  this  line, 
as  a  result  of  these  early  settlements  under  such  favorable  con- 
ditions for  development  and  growth,  the  present  large  eastern 
cities  ar<-  located,  Mew  York,  Philadelphia,  Baltimore.,  Wash- 
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ington,  Richmond,  etc.  This  area  is  an  upland  plateau  cut  into 
by  valleys,  and  with  higher  hills  mostly  even  capped.  The 
eastern  portion  is  made  up  of  highly  folded  and  inclined  crys- 
talline rocks,  while  at  the  west  are  the  folded  and  faulted  sedi- 
mentary rocks.  The  plateau  slopes  both  ways  from  a  central 
axis  of  Parrs  Ridge  which  reaches  a  height  of  900  feet  and 
dips  eastward  to  400  feet,  and  westward  to  600  feet. 

This  upland  plateau  appears  to  extend  westward  on  the 
even  crests  of  the  mountains  in  the  next  province,  and  as 
stated  by  Abbe  in  his  discussion  of  the  Physiography  of 
Maryland1,  "the  Piedmont  plateau  upland  is  generally  re- 
garded as  being  but  the  seaward  remnant  of  a  broad,  gently 
rolling  surface,  which  once  extended  westward  beyond  the 
Alleghany  Front,  northward  along  the  Appalachians  into  New 
York  and  New  England,  and  southward  across  the  Cumber- 
land Plateau  of  Tennessee  to  an  unknown  distance.  This 
broad  plain  was  cut  indifferently  across  crystalline  and  folded 
sedimentary  strata  and  was  produced  during  the  final  stages 
of  that  long-continued  denudation  which  has  resulted  in  ex- 
posing the  roots  of  the  Piedmont  Mountain  chain."  This 
plateau  and  the  even  crests  of  the  mountains  to  the  west  repre- 
sent the  old  Schooley  Peneplain  which  is  described  in  another 
section  of  the  present  Chapter. 

The  APPALACHIAN  AREA  extends  from  the  eastern 
foot  of  the  Blue  Ridge  or  the  Piedmont  Plateau  westward  to 
the  Ohio  Valley,  and  south  to  Alabama,  and  north  into  New 
York.  Its  rocks  are  nearly  all  of  the  sedimentary  type  laid 
down  near  the  eastern  shore  of  the  Paleozoic  Interior  Sea,  the 
sediments  being  derived  from  the  waste  of  the  Land  mass  to 
the  east.  The  deposition  was  accompanied  by  subsidence  so 
that  the  thickness  of  the  present  rocks  is  very  great.  By  later 
movements  the  rocks  were  raised  into  land  areas  and  also 
compressed  into  folds,  and  then  the  surface  was  modified  by 
erosion  and  crustal  movements. 

Abbe  in  his  studies  in  Maryland  (loc.  cit.,  p.  153)  divided 
the  Appalachian  Area  into  four  subdivisions  based  on  the 
general  type  of  topography  which  differs  in  the  four  districts. 


'Maryland  Weather  Service,  Vol.  I,  p.  120;   1899. 
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The  same  subdivisions  apply  to  West  Virginia,  and  they  are 
named  from  east  to  west, — The  Blue  Ridge,  The  Great  Valley, 
The  Alleghany  Ridges,  and  The  Alleghany  Plateau,  all  of 
which,  except  the  last  one,  are  included  in  the  area  of  the 
eastern  Panhandle  Counties.  The  entire  area  of  these  counties 
is  included  wholly  in  these  groups  of  the  Appalachian  Area; 
the  Coastal  Plain  and  Piedmont  Plateau  being  east  of  the 
State  of  West  Virginia. 

The  Blue  Ridge  subdivision  includes  the  Blue  Ridge,  the 
Catoctin  Mountain,  and  the  district  between  the  two  moun- 
tains. The  western  slope  of  the  Blue  Ridge  is  found  near 
Harpers  Ferry.  This  mountain  extends  from  South  Mountain 
in  Pennsylvania  south  into  Virginia,  being  broken  by  the 
Gettysburg  Gap  and  b)^  the  Potomac  Gorge  at  Harpers  Fern-. 
Its  height  at  Harpers  Ferry  is  1200  feet,  reaching  1600  farther 
south  on  the  line  of  Jefferson  County.  The  Valley  of  the  Shen- 
andoah at  the  foot  of  the  mountain  is  300  to  400  feet  above  sea- 
level  and  the  distance  from  the  mountain  crest  varies  from  one 
to  two  miles.  The  Potomac  has  cut  its  deep  gorge  through  the 
mountains  at  Harpers  Ferry  between  the  two  high  points 
called  Maryland  and  Loudoun  Heights,  one  of  the  most  scenic 
points  in  the  State. 

The  Great  Valley  subdivision  extends  from  the  Blue 
Ridge  west  to  North  Mountain.  It  is  a  broad,  fertile,  lime- 
stone and  shale  valley,  but  mostly  limestone.  The  surface  is 
rolling  and  marked  by  low  hills  and  shale  ridges.  The  average 
elevation  of  the  valley  in  West  Virginia  is  400  to  450  feet 
above  the  sea,  rising  from  about  400  feet  near  the  Potomac 
River  to  600  feet  near  the  mountains.  The  streams  are  mostly 
-mall  with  their  valleys  cut  into  the  limestone  and  shale.  It  is 
one  of  the  richest  agricultural  regions  of  the  State. 

The  Valley  is  crossed  by  the  Baltimore  and  Ohio  Railroad 
and  a  study  of  its  profile  would  indicate  the  general  character 
;"-ross  the  \  alley,  but  in  the  mountain  area  to  the  west,  the 
road  follows  the  river  and  would  there  indicate  only  the  char- 
a<  ter  of  that  narrow  valley.  It  must,  however,  be  borne  ii 
tnind  that  the  railroad  grade  is  modified  to  some  extent  by 
.uls  and  fills,  but  these  are  usually  through  minor  inequali 
ties.     The  following  table  shows  the  levels  above  tide  of  the 
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Baltimore  and  Ohio  Railroad  across  the  Valley  to  North 
Mountain  and  thence  west  to  Pawpaw.  The  railroad  follows 
the  Potomac  River  from  PawTpaw  to  beyond  Cherry  Run,  and 
then  cuts  across  the  Valley  to  Martinsburg,  reaching  the 
Potomac  again  at  Harpers  Ferry : 

Feet  A.  T.  Miles. 

Harpers    Ferry 286 . 5  0.0 

Engles 379.6  3.7 

Shenandoah    Junction 518 .7  7.7 

Kearneysville .552.0  11.2 

Van    Clevesville 475.2  14.0 

Martinsburg    427.7  18.6 

North  Mountain 540.0  26.2 

Cherry   Run 401 . 7  32.3 

Sleepy    Creek .401 .2  36.3 

Hancock    420.3  41.7 

Sir  Johns  Run 426.1  47.3 

Great    Cacapon 447 .2  51 . 4 

Magnolia    :..... 498 . 2  67 . 8 

Pawpaw    529 . 8  72.7 

The  highest  point  on  the  grade  is  at  the  east  near  Kear- 
neysville, 552  feet  above  tide,  as  compared  with  Pawpaw, 
529.8  feet.  The.  railroad  goes  down  grade  from  Pawpaw  to 
Cherry  Run,  with  an  average  descent  of  three  feet  to  the  mile. 
From  Cherry  Run  to  Kearneysville,  the  average  rise  is  seven 
feet  to  the  mile,  and  it  then  falls  to  Harpers  Ferry  with  an 
average  of  nearly  twenty-four  feet  to  the  mile.  The  average 
fall  from  Pawpaw  to  Harpers  Ferry  would  be  3.3  feet  to  the 
mile.  Across  the  Great  Valley  from  North  Mountain  to 
Flarpers  Ferry,  the  fall  on  this  grade  is  253.5  feet  in  a  distance 
of  26.2  miles,  or  nearly  ten  feet  to  the  mile. 

The  Cumberland  Valley  Railroad  levels  may  be  taken 
from  Winchester  to  the  Potomac  as  illustrative  of  the  charac- 
ter of  a  railroad  grade  north  and  south  through  the  Valley,  as 

follows : 

Feet  A.  T.  Miles. 

Winchester    716 . 8  0.0 

Bunker    Hill 556.1  12.5 

Inwood    568.9  14.3 

Darkesville    553.9  15-5 

Tablers    553.0  17.6 

Martinsburg    .460.5  22 . 2 

Berkeley    468.0  26.1 

Bedington     383 .0  28.1 

Falling    Waters 364 . 0  30 . 7 

Old  Bridge   Potomac 382 . 0  33.8 
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The  fall  in  grade  from  Bunker  Hill  to  the  Potomac  is 
174.1  feet  in  21.3  miles,  or  8.6  feet  to  the  mile.  The  fall  from 
Martinsburg  to  the  river  bridge  is  nearly  6.8  feet  to  the  mile. 

The  Alleghany  Ridges.  —  These  ridges  follow  parallel 
northeast-southwest  courses,  and  owe  their  origin  largely  to 
a  protecting-  cap  of  resistant  sandstone  or  conglomerate.  On 
the  higher  ridges,  this  hard  stratum  is  of  Carboniferous  age, 
but  on  the  lower  ridges,  it  is  an  Oriskany  or  a  Chemung  Sand- 
stone. The  top  of  North  Mountain  is  the  hard  white  Medina 
Sandstone.  Between  these  ridges  are  stream  valleys  usually 
narrow.  The  ridges  vary  in  height  from  600  to  2300  feet  or 
Cacapon  Mountain.  The  upper  valley  levels  and  the  ridge 
levels  are  remnants  of  old  peneplains.  The  further  descrip- 
tion of  the  details  of  the  Great  Valle}^  and  the  Alleghany 
Ridges  topography  in  the  eastern  Panhandle  area  will  be  found 
in  a  later  portion  of  this  Chapter. 

EVOLUTION  OF  THE  NORTH  AMERICAN 
CONTINENT. 

In  order  more  clearly  to  understand  the  geological  history 
of  the  topographical  development  of  the  eastern  Panhandle 
Counties,  a  brief  resume  will  be  given  of  the  growth  of  the 
North  American  Continent  from  the  earliest  geological  records 
to  the  present  time.  This  history  will  only  be  summarized  in 
this  place,  and  the  reader  can  find  more  detailed  data  on  this 
interesting  subject  in  various  standard  works  on  Historical 
Geology.  The  geological  terms  used  in  this  discussion  arc 
explained  in  the  next  Chapter,  and  they  represent  divisions  of 
the  geological  time  scale. 

A  study  of  the  igneous  and  sedimentary  rocks  of  the 
geological  column  gives  clue  to  the  history  of  the  growth  of 
the  continent,  and  shows  how  the  land  area  has  been  built  up 
era  after  era.  The  general  outline  of  the  North  American 
continent  was  marked  out  in  the  earliest  land  areas  of  the 
early    Archean    time.      The    original    Archean-Algonkian    land 

areas  are  found  in  the  large  nuclear  V-shaped  mass  of  these 

rocks  around    Hudson    Bay    with   a   peninsula   extending  down 
into  Wisconsin.     Island  ridges  were  located  along  the  Atlantic 
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border,  and  there  was  an  elongated  land  area  near  the  present 
site  of  the  Appalachian  Mountain  range,  a  land  mass  which 
for  descriptive  purposes  has  been  named,  by  Willis,  Appa- 
lachia.  Islands  marked  the  Rocky  Mountain  site,  and  a  large 
island  marked  the  Ozark  area  in  Missouri.  These  land  masses 
became  the  theatre  of  great  work  of  denudation,  for  from  them 
must  have  come  all  the  sediments  that  formed  the  later  sedi- 
mentary rocks  either  directly  from  this  original  land  or  from 
later  land  masses  composed  of  their  sediments. 

At  the  close  of  Cambrian  time  this  land  mass  was  in- 
creased by  the  Cambrian  rocks,  though  in  early  Cambrian  the 
land  mass  seemed  to  have  been  far  greater  than  at  the  close 
of  that  period.  Evidence  seems  to  show  that  in  early  Cambrian 
time  the  whole  interior  of  the  continent  was  land  probably 
not  very  high  above  sea-level.  In  later  Cambrian  time,  the 
sea  encroached  on  the  land  and  there  was  a  period  of  subsi- 
dence, resulting  in  a  vast  interior  sea,  a  subsidence  which  con- 
tinued into  Ordovician  time. 

Near  the  close  of  Ordovician,  elevation  of  the  sea-floor 
took  place  and  the  limestones  are  succeeded  by  shales  derived 
from  mud  sediments.  At  the  close  of  the  period  there  was  a 
marked  elevation  of  the  land  areas,  connecting  the  Appalachia 
land  with  the  northern  enlarged  V-mass  thus  closing  the  straits 
at  the  northeast,  so  that  the  interior  sea  was  now  only  open  to 
the  south.  A  small  anticline  was  formed  in  Ohio  extending 
into  Tennessee.  This  Cincinnati  axis  made  a  partial  separation 
of  the  Interior  sea,  and  the  Ozark  island  was  enlarged.  The 
Green  and  Taconic  Mountains  probably  date  from  this  uplift, 
though  modified  by  later  elevation. 

The  upper  Silurian  period  opened  with  shallow  water  in 
which  conglomerate  rocks  were  deposited  (Oneida)  evidence 
of  shore-line  conditions,  and  then  sandstone  (Medina)  was 
formed  on  the  eastern  borders,  followed  by  shales  and  lime- 
stones (Clinton)  extending  from  New  York  west  to  Wisconsin, 
and  then  deeper  seas  of  the  Niagara.  Later  in  the  period 
there  were  salt  lakes  at  the  northeast  (Salina).  Near  the  close 
of  the  Silurian,  the  Missouri  island  was  joined  to  the  Wis- 
consin peninsula. 

In  the  early  Devonian  the  northeast  straits  were  reopened 
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by  subsidence.  In  the  east  the  thick  sandstones  of  the  Oris- 
kany  were  laid  down  as  shore  deposits  followed  by  deeper 
water  (Corniferous)  west  into  Iowa,  then  came  the  muddy 
waters  of  the  Hamilton  representing  an  eastward  movement  of 
the  shore-line  of  the  interior  sea.  Toward  the  close  of  the 
period,  the  sandy  shales  and  sandstones  of  the  Chemung  and 
Catskill  Formations  were  laid  down.  By  the  end  of  the 
Devonian,  New  England  and  Canada  were  dry  land  except  for 
a  few  elongated  bays  in  Massachusetts.  The  Cincinnati  Axis 
was  joined  to  the  northern  land  mass  and  the  Appalachian 
land  mass  was  enlarged.  The  interior  sea  had  now  become 
two  large  bays  extending  across  Pennsylvania,  West  Virginia, 
Ohio,  Michigan,  and  neighboring  States.  The  Rockies  repre- 
sented an  area  of  subsidence. 

In  the  early  Carboniferous  time,  the  interior  sea  bays  were 
sh allow  and  sandstones  and  conglomerates  of  the  Pocono  were 
deposited,  mingled  with  remains  of  land  plants.  In  the  Rocky 
Mountain  area,  there  was  a  heavy  deposition  of  limestone  and 
also  in  the  southern  part  of  the  eastern  sea  (Greenbrier),  but 
where  the  limestone  was  absent  and  even  over  it  in  places  was 
formed  a  large  red  shale  deposit  of  the  Mauch  Chunk.  As  the 
water  became  more  shallow  and  swampy  land  areas  emerged 
with  oscillating  changes  of  level,  the  rocks,  coal,  etc.,  of  the 
Coal  Measures  were  formed.  At  the  close  of  the  Carbonifer- 
ous came  the  culmination  of  folding  in  the  Appalachian  Moun- 
tains, though  the  crustal  movements  resulting  in  this  folding 
probably  extended  back  for  some  time  in  the  Paleozoic.  At 
the  close  of  the  period,  the  continent  had  about  the  same  re 
lation  of  land  and  sea  areas  as  at  present  except  along  the 
ocean  borders  and  a  few  long  troughs  parallel  to  the  Appa- 
lachians in  which  the  Trias — Jura  (Newark)  rocks  wore  J  a  t  cr 
deposited. 

During  the  Meso/.oic  era  the  Newark  red  sandstone  was 
deposited  in  the  troughs  east  of  the  Appalachians  and  in  the 
sea  estuaries.  Along  the  borders  of  the  continent  and  in  the 
interior  and  in  the  West,  Cretaceous  sediments  were  deposited. 
Tin  re  was  a  period  of  extensive  denudation  during  this  period 
and  a  transgression  of  the  sea  over  the  land  in  Upper  Creta- 
ceous over  the  <  'oastal  Plain  al  the  Eas1  and  South  up  to  south- 
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ern  Illinois,  also  over  the  West  and  the  northwestern  portion 
of  the  continent.  At  the  close  of  the  period  elevation  took 
place,  the  Rocky  and  other  western  mountains  were  formed. 
The  Sierra  range  which  was  raised  near  the  close  of  Trias — 
jura  time  was  further  folded. 

In  the  Tertiary  period  of  the  Cenozoic,  the  land  additions 
were  along  the  border  of  the  continent  and  in  interior  lakes. 
There  was  marked  volcanic  activity  in  the  Rockies  and  Yellow- 
stone region.  At  the  end  of  the  Miocene  division  elevation 
of  land  to  the  south  joined  North  and  South  America,  the 
mountains  of  the  west  were  further  raised,  and  Florida  was 
joined  to  the  main  land.  It  is  possible  there  was  further  ele- 
vation in  the  eastern  area.  The  Quaternary  division  of  the 
Cenozoic  was  not  a  time  of  continental  growth,  but  it  was  a 
time  of  great  changes  in  topography  through  the  action  of  ero- 
sion. This  period  includes  the  Glacial  epoch  when  the  north- 
ern portion  of  the  continent  was  covered  with  a  great  ice  sheet. 
This  review  brings  the  development  down  to  the  present  era 
with  its  changes  in  topography  taking  place  as  in  the  past,  but 
to  our  eyes  the  changes  are  very  slow. 

APPALACHIAN  MOUNTAINS  AND  THEIR  HISTORY. 

From  the  preceding  discussion  of  continental  growth  or 
evolution,  it  is  seen  that  during  the  Paleozoic  division  of  geo- 
logical time,  there  was  a  great  accumulation  of  sediments  in 
the  Appalachian  area  with  a  thickness  that  has  been  estimated 
at  40,000  feet.  With  the  great  accumulation  of  sediments  in 
this  sinking  trough,  and  the  contraction  of  the  surface  of  the 
continent  and  globe  by  the  gradual  cooling  of  the  earth's  in- 
terior, stresses  would  be  in  force  which  by  the  weakening  of 
the  so-called  crust  along  this  sinking  axis,  finally  culminated 
in  yielding  to  the  strain  and  elevation  by  lateral  pressure  with 
its  resultant  folding  and  fracture  of  the  strata.  This  culmi- 
nation took  place  at  the  close  of  the  Carboniferous  and  the 
close  of  the  Paleozoic  division  of  geological  time,  resulting  in 
the  formation  of  the  Appalachian  Mountains  which  have  been 
greatly  riiodified  later  by  erosion  and  further  elevation.  In 
fact,  the  present  mountains  of  this  range,  as  shown  by  Willis, 
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arc  really  mountains  of  vertical  uplift  and  erosion,  and  not  of 
folding  by  lateral  pressure  as  so  generally  stated.  The  old 
Appalachians  of  folding  have  been  worn  away,  but  the  base 
or  roots  of  those  mountains  exist  in  the  present  erosion  moun- 
tains, classic  examples  of  folds  in  mountain  strata. 

PENEPLAINS  IN  THE  APPALACHIAN  AREA. 

Schooley  Peneplain. — The  early  portion  of  the  Mesozoic 
era  in  the  Triassic  and  Jurassic  was  marked  by  a  period  of 
great  denudation,  reducing  the  eastern  border  of  the  conti- 
nent to  a  base-level.  This  long  period  of  erosion  reduced  the 
Appalachian  Mountains  to  a  peneplain  on  which  projected 
more  resistant  hills  or  portions  of  divides  further  removed 
from  the  main  drainage  streams.  There  was  left  a  featureless, 
monotonous  plain,  with  a  few  projecting  hills  and  ridges, 
that  extended  from  the  Ohio  Valley  to  the  Atlantic  coastal 
shelf,  northward  across  Pennsylvania,  New  Jersey,  and  into 
New  York;  south  to  a  limit  undetermined. 

This  great  plain  was  named  by  Davis  the  Schooley  Pene- 
plain from  its  remnant  on  Schooley's  Mountain  in  New  Jersey. 
This  plain  cuts  across  the  Triassic  rocks,  but  according  to  the 
work  of  the  Maryland  Geological  Survey,  it  is  partially  over- 
lain by  Jurassic  rocks  on  the  Coastal  Plain,  which  would  indi- 
cate that  the  denudation  took  place  after  Carboniferous  time, 
and  probably  during  the  lost  interval  indicated  by  the  uncon- 
formity at  the  close  of  that  period  and  during  Triassic  time. 

According  to  Campbell1,  the  conditions  necessary  for  such 
a  complete  peneplain  are  long-continued  stability  of  sea-level 
so  that  the  relative  position  of  land  and  sea  shall  remain  un- 
changed for  a  period  long  enough  to  allow  the  agents  of 
erosion  to  tend  to  complete  their  work  and  reduce  the  land 
urface  i<>  the  base-level  of  erosion.  The  completeness  of  this 
Schooley  Peneplain  indicates  a  very  long  time  interval  under 
the  above  conditions.  Campbell,  from  data  available,  regards 
this  period  <>i"  denudation  as  eight  or  ten  times  longer  than 
any  of  the  later  base  level  periods.      The  old  topographic  iorms 
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were  obliterated  and  a  new  order  instituted.  The  softer  beds 
by  later  erosion  have  been  reduced  below  this  Trias-Jura  plain, 
but  the  harder  sandstone  caps  of  the  now  level  top  mountains 
and  ridges  represent  the  remnants  of  this  old  plain. 

The  evidence  of  the  relation  of  the  Trias  and  Jura  sedi- 
ments to  this  plain  as  noted  above,  would  indicate  that  the 
date  of  uplift  of  this  peneplain  was  later  than  the  Trias  and  it 
probably  took  place  in  the  early  Jurassic  time.  The  area  was 
then  raised  to  a  height  now  impossible  to  determine,  but  some- 
parts  of  this  plain  are  to-day  at  least  3,000  feet  above  sea-level. 

Weverton  Peneplain. — The  work  of  the  Maryland  geolo- 
gists2 has  disclosed  another  peneplain  well  shown  on  the  sand- 
stone ridges  near  Weverton  in  that  State,  and  so  named  the 
Weverton  Peneplain.  It  ranges  in  elevation  from  700  feet  in 
Montgomery  County,  850  feet  in  northern  Carroll  County,  in 
300  feet  on  the  Coastal  Plain.  Its  age  was  determined  by  them 
as  late  Jurassic  or  early  Cretaceous. 

Harrisburg  Peneplain. — The  elevation  of  the  Schooley 
and  Weverton  Peneplains  started  the  work  of  erosion  anew 
and  valleys  were  carved  in  the  uplifted  peneplain  inaugurating 
a  new  cycle  of  denudation  and  a  new  evolution  of  topography 
during  the  early  Tertiary  and  the  preceding  Cretaceous.  The 
upland  plain  was  again  worn  down  to  base-level,  but  not  as 
complete  as  in  the  case  of  the  Schooley  Plain  due  to  a  shorter 
time  interval.  In  the  early  Tertiary  period,  there  was  another 
time  of  elevation  and  this  base-levelled  plain  was  raised  into 
an  upland  peneplain.  From  a  well  preserved  remnant  of  this 
plain  near  Harrisburg,  Pennsylvania,  Campbell  named  this  the 
Harrisburg  Peneplain.  Its  remnants  are  now  seen  over  a  wide 
area  and  it  was  almost  coextensive  with  the  Schooley  Plain. 

Somerville  Peneplain. — During  late  Tertiary  time,  the 
Harrisburg  upland,  plain  was  reduced  to  still  another  base- 
level,  still  incomplete  as  compared  with  that  of  the  Schooley, 
and  it  has  been  named  by  Davis  from  its  well  preserved  rem- 
nant in  the  area  of  the  Newark  rocks  near  Somerville,  New 
Jersey,  the  Somerville  Peneplain.  It  is  developed  in  the 
weaker  rocks,  especially  on  the  Cambrian  and  Silurian  Lime- 
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stones  ami  Shales.  The  harder  Oriskany  and  Chemung  Sand- 
stones were  modified  by  this  denudation  but  not  to  the  extent 
of  the  softer  rocks.  This  plain  is  readily  identified  through 
the  Great  Valley  and  west  to  Cumberland,  and  east  to  the 
Coastal  Plain,  where  it  can  no  longer  be  separated  and  proba- 
bly there  is  united  with  the  other  levels.  In  the  late  Tertiary, 
elevation  raised  this  peneplain  into  an  upland,  and  the  streams 
are  now  eroding  this  plain  and  the  present  order  of  change  is 
inaugurated  reducing  the  Somerville  Plain  toward  another 
base-level. 

ELEVATION  OF  THE  PENEPLAINS.— The  remnants 
of  the  Schooley  Peneplain  in  Maryland  now  have  an  elevation 
above  sea-level  of  400  feet  on  the  Coastal  Plain,  rising  west- 
ward to  1700  feet  on  Catoctin  Mountain  and  keeping  this  level 
to  west  of  Hancock.  The  Weverton  Peneplain  rises  from  an 
elevation  of  300  feet  on  the  Coastal  Plain  westward  to  750  feet 
on  Catoctin  Mountain  and  1300  feet,  west  of  Hancock.  The 
Harrisburg  Peneplain  apparently  merges  with  the  others  on 
the  Coastal  Plain  and  reaches  600  feet  near  Harpers  Ferry,  and 
800  feet,  west  of  Hancock.  As  traced  by  Campbell,  the  Flar- 
risburg  Peneplain  has  an  altitude  of  1200  feet  near  Pittston, 
Pennsylvania,  on  the  east  branch  of  the  Susquehanna  River, 
1200  feet  near  Cumberland,  and  500  feet  near  Harrisburg.  He 
regards  this  plain  as  corresponding  to  the  1250-foot  plain  along 
the  Monongahela  River.  The  Somerville  Peneplain  is  merged 
with  the  others  on  the  Coastal  Plain,  rises  to  500  feet  at 
Harpers  Ferry,  600  feet,  west  of  Hancock.  400  feet  near  Har- 
risburg, and  800  feet  at  Cumberland. 

11m-'  levels  show  a  general  westward  rise  of  the  different 
peneplains  and  also  to  the  north  and  south  nearer  the  head- 

rs  of  the  streams  where  erosion  did  not  reach  as  high  a 
degree  of  maturit)  as  in  the  lower  courses.  It  is  also  seen 
from  these  levels  that  the  interval  between  the  Harrisburg  and 
Somerville  Plains  at  Harpers  Ferry  is  100  feet;  west  of 
I  lancock,  200  feel ;  and  at  Cumberland,  100  feet.  The  interval 
between  the  Schooley  and  I  Earrisburg  Peneplains  is  about  1100 
feet,  easl  of  Harpers  Ferrj  ;  900  Eeet,  west  of  Hancock,  and 
about  1000  feel  near  Cumberland.    The  interval  between  the 
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Harrisburg-  and  Weverton  Peneplains  east  of  Harpers  Ferry 
is  150  feet  and  west  of  Hancock,  500  feet.  The  interval  be- 
tween the  Weverton  and  Schooley  Peneplains  east  of  Harpers 
Ferry  (Catoctin  Mountain)  is  950  feet,  and  west  of  Hancock  it 
is  400  feet.  These  differences  in  level  between  plains,  regarded 
as  parallel  at  the  time  of  their  formation,  show  that  their  ele* 
vation  was  not  uniform  over  the  area,  or  that  the  uniformity 
was  altered  by  later  movements.  The  plains  are  therefore 
warped  to  a  larger  or  smaller  extent  over  the  area,  but  they  all 
agree  in  an  eastward  inclination.  Campbell,  who  early  in  the 
study  of  these  old  plains  called  attention  to  their  warped  char^ 
acter,  states  that  while  the  easterly  slope  of  the  Harrisburg 
Peneplain  may  in  part  be  due  to  the  gradient  of  the  stream 
while  the  plain  was  being  formed,  yet  90  per  cent,  must  have 
been  due  to  subsequent  warping. 

PENEPLAINS  IN  EASTERN  PANHANDLE  AREA. 
— In  the  eastern  Panhandle  Counties  of  West  Virginia,  the 
remnants  of  these  four  peneplains  are  found  in  many  places, 
the  younger  plains  naturally  being  better  preserved  than  the 
older. 

Schooley  Peneplain. — A  portion  of  this  old  plain  is  prob- 
ably represented  by  the  level  top  of  Spring  Gap  Mountain  in 
western  part  of  Morgan  County  near  Pawpaw,  with  a  level 
of  1800  to  1900  feet  above  sea.  It  appears  on  Purslane  Moun- 
tain just  south  of  Rockwell  Run  at  an  elevation  of  1700  feet, 
also  on  Cacapon  Mountain  south  of  Prospect  Rock  at  1700, 
rising  to  2100  feet  further  south.  It  is  seen  on  Sleepy  Creek 
Mountain  at  an  elevation  of  1700  feet  and  about  the  same  level 
en  Third  Hill.  It  is  1600  feet  on  the  Blue  Ridge  in  southeast- 
ern corner  of  Jefferson  County. 

Weverton  Peneplain. — This  plain  is  not  so  well  preserved 
in  this  area  as  in  Maryland.  It  is  probably  represented  in  the 
wind  gap  at  Whites  Gap  on  Third  Hill  Mountain  at  an  eleva- 
tion of  1300  to  1380  feet,  also  on  top  of  Short  Mountain  at  an 
elevation  of  1300  feet.  The  upper  part  of  the  Meadow  Branch 
Valley,  at  level  1200  to  1300,  may  also  represent  this  plain, 
and  also  the  crest  of  North  Mountain  at  1200  to  1240  feet.     A 
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series  of  700-  to  750-foot  hills  east  of  the  Shenandoah  River  arc 
probably  remnants  of  this  plain. 

Harrisburg  Peneplain. — This  peneplain  is  seen  on  the 
ridge  east  of  Pawpaw,  900  to  940  feet,  on  the  small  level-top 
hill  south  of  Hansrote  at  900  to  920  feet;  south  of  Doe  Gully 
in  two  small  hills  900  to  920  feet.  It  is  found  on  the  southern 
portion  of  Bare  Ridge  at  900  feet ;  southwest  of  Woodmont  on 
the  upland  terrace  at  900  feet.  There  is  a  fine  remnant  at  the 
900- foot  level  on  Cacapon  Mountain  southwest  of  Sir  Johns 
Run  Station ;  again,  south  of  Roundtop  at  800  to  900  feet ;  also 
on  Horse  Ridge  and  on  the  ridge  just  east  of  Berkeley  Springs 
at  800  feet,  and  at  Riderville  around  800  feet.  This  plain  is 
apparently  found  on  the  slopes  of  Third  Hill  Mountain  at  900- 
foot  terraces,  and  on  Ferrel  Ridge  at  800  feet,  and  along  North 
Mountain  at  700  feet  at  the  northern  hills  and  800  feet,  further 
south.  It  probably  forms  the  Bolivar  hilltop  at  Harpers 
Ferry,  at  600  feet,  'and  the  600-foot  terrace  along  the  side  of 
Blue  Ridge  in  the  southeastern  part  of  Jefferson  County. 

Somerville  Peneplain. — This  plain  is  seen  on  a  number  of 
hills  at  800  feet  to  west  of  Doe  Gully  and  southwest  of 
Hansrote  in  western  part  of  Morgan  County.  It  is  found  at 
various  places  along  the  Potomac  Valley,  as  on  the  hills  west 
of  Sleepy  Creek,  at  600  feet  and  also  one  mile  east  of  that  town. 
It  is  seen  south  of  Big  Run  and  also  in  a  series  of  hills  south  of 
Cherry  Run  at  600  feet.  North  of  Soho,  the  500-foot  ridge  prob- 
ably is  this  plain,  and  at  south  end  of  Ferrel  Ridge,  the  level 
is  600  feet.  It  stands  at  500-foot  level  on  the  hills  in  the  bend 
of  Back  Creek,  north  of  Hedgesville  road.  It  is  seen  at  several 
places  south  of  Hedgesville  at  600  feet  and  north  of  Nipetown 
at  the  same  level.  Around  Martinsburg,  it  is  marked  by  the 
500-foot  hills,  and  the  same  across  the  valley  to  Harpers  Ferry 
and  the  Shenandoah  River. 

DEVELOPMENT  OF  STREAM  VALLEYS. 

The  rivers  on  an  uplifted  sea  plain  or  on  a  peneplain  pass 
through  i  cycle  of  developmenl  similar  to  that  of  the  land 
forms.    By  analogy,  this  cycle  is  compared  with  the  life  history 
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of    organisms   passing   from    the   period    of    infancy    through 
adolescence,  maturity,  to  old  age  and  death. 

In  the  earlier  life  of  the  stream  as  it  cuts  its  way  down- 
ward, the  valley  slope  is  steep.  Erosion  is  rapid  through  the 
softer  rocks  while  the  more  resistant  layers  withstand  the  cut- 
ting force  and  remain  for  a  time  as  projecting  layers  over 
which  the  water  pours  in  rapids  or  falls,  and  the  river  is  in  its 
period  of  infancy  passing  into  the  period  of  adolescence.  The 
river  is  now  eroding  its  channel  deeper  and  deeper,  and  but 
little  from  side  to  side. 

As  the  valley  floor  approaches  more  nearly  the  level  of  its 
outlet,  the  current  becomes  less  swift,  the  projecting  ledges  of 
the  falls  are  brought  to  the  general  grade  of  the  stream.  The 
river  can  not  now  cut  its  channel  downward  as  rapidly  as  be- 
fore and  it  increases  the  erosion  laterally,  widening  the  valley- 
Its  load  of  sediment  before  carried  outward  in  the  swifter  cur- 
rent is  now  dropped  in  large  part,  and  fills  the  lower  part  of 
the  channel,  spreading  out  in  flood-plains.  Over  these  plains 
the  river  may  take  a  meandering  course,  winding  from  side  to 
side,  cutting  into  one  bank  and  filling  on  the  other.  The  river 
now  carries  its  maximum  load  of  sediment  and  performs  its 
greatest  work  of  erosion,  so  it  is  said  to  be  in  the  maturity  of 
its  life. 

When  the  river  valley  is  graded  to  a  level  with  the  sea, 
reaching  its  base-level,  the  current  is  sluggish  or  absent,  the 
sediment  falls,  obstructing  the  channel,  and  the  river  is  no 
longer  able  to  do  its  work.  It  has  reached  the  period  of  old 
age,  and  settles  down  to  a  period  of  quiescence. 

While  the  lower  portions  of  a  great  river  may  reach  this 
period,  its  headwaters  may  still  be  pushing  their  way  back- 
ward, cutting  into  the  divides  further  and  further.  A  single 
stream  may  thus  be  in  various  periods  of  the  life  cycle  from 
source  to  mouth,  a  complex  river  made  up  of  parts.  The 
divides  are  deeply  dissected,  and  by  the  more  rapid  cutting  of 
larger  or  swifter  streams  on  one  side,  may  migrate  toward  the 
weaker  streams.  If  this  action  goes  far  enough,  the  divide 
finally  may  be  cut  through  in  places,  tapping  the  headwaters 
of  the  stream  on  the  opposite  side,  which  may  flow  through 
the  break  in  the  divide  and  the  waters  pass  seaward  by  the 
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way  of  the  faster  working-  stream.  The  remnants  of  the  old 
streams  still  pursuing-  their  former  paths  are  spoken  of  as 
beheaded  streams. 

On  the  uplifted  sea#  plains,  the  water  falling  on  the  land 
will  flow  off  toward  the  sea,  following  a  channel  worn  into  the 
rocks  along  a  natural  declivity,  or  an  inequality  in  the  surface, 
or  cut  into  softer  portions  of  the  strata.  Such  streams  follow- 
ing an  original  course  determined  by  the  surface  structure  have 
been  named  by  Davis  Consequent  streams.  An  example  of  such 
a  stream  in  the  area  under  discussion  would  be  the  Potomac 
River,  though  it  has  undergone  many  changes  in  its  later  his- 
tory. The  consequent  streams  are  fed  by  branches  and  these 
by  subbranches  and  so  on  until  in  the  mature  river  system 
there  is  a  network  of  streams  reaching  all  parts  of  the  area. 
The  stream  and  its  branches  spread  out  like  the  branches  of  .1 
tree  and  the  arrangement  is  called  dendritic  or  tree-like,  or 
trellis-like. 

Subsequent  streams  are  those  developed  in  the  mature 
period  of  the  stream  as  branches  not  represented  in  the  youth 
of  the  river.  Such  streams  in  this  area  as  Cacapon  River, 
Sleepy  Creek,  Back  Creek,  etc.,  are  subsequent  streams. 
When  a  peneplain  is  raised  to  an  upland,  the  river  and  stream 
activity  are  increased  and  enter  upon  a  new  cycle  of  erosion, 
and  they  are  now  known  as  Revived  streams.  In  some  cases 
there  may  be  a  surface  covering  of  materials  over  the  older 
rocks  by  deposition  of  new  sediments  during  depression  of  the 
area,  by  glacial  material,  or  other  causes;  and  the  river  carves 
its  channel  on  the  overlying  strata,  then  cutting  into  the  lower 
rocks  preserves  its  first  course  even  though  it  is  out  of  accord 
with  the  structure  of  its  deeper  channel,  cutting  across  bed- 
ding-planes, or  on  hard  rocks  when  softer  are  easier  to  follow. 
Such  streams  are  said  to  be  superimposed. 

Antecedent  rivers  are  defined  by  Davis  as  those  "thai 
during  and  for  a  linn-  after  disturbance  of  their  drainage  area, 
maintain  the  courses  they  had  taken  before  the  disturbance." 
The  Potomac  at  Harpers  Ferry  lias  cut  its  gorge  through  the 
Blue  Ridge  while  the  elevation  of  the  area  was  in  progress,  and 
after  the  elevation  was  over,  it  maintained  the  course  it  had 
before  the  uplift,  and  is  at  thai  place  an  antecedent  river.    The 
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Shenandoah  River,  on  the  other  hand,  was  apparently  unable 
to  cut  down  its  channel  at  Snickers  Gap  as  fast  as  the  eleva- 
tion took  place  and  it  was  deflected  northward  to  the  Potomac. 
In  the  eastern  Panhandle  area,  the  main  drainage  stream 
is  the  Potomac  River,  and  its  main  tributary  streams  cut  back 
to  the  southward  in  nearly  parallel  valleys  with  a  general 
northeast-southwest  trend.  These  tributary  streams  are  fed 
by  lateral  ones  mostly  short  and  having  still  smaller  branches. 
The  drainage  pattern  is  dendritic  or  tree-like,  but  somewhat 
a-symmetrical,  as  the  branches  are  better  developed  on  one 
side  than  on  the  other.  The  courses  of  these  streams  are 
direct  though  somewhat  winding  in  the  larger  tributaries.  A 
detailed  discussion  of  the  streams  of  the  eastern  Panhandle 
area  will  now  be  given. 

THE   EASTERN    PANHANDLE    STREAMS. 

POTOMAC  RIVER.— The  Potomac  River,  the  main 
drainage  feature  of  the  region,  forms  the  boundary  line  be- 
tween Maryland  and  West  Virginia  along  the  northern  line  of 
the  three  counties  of  the  Panhandle  area.  A  straight  east  and 
west  line,  from  the  river  where  it  first  strikes  Morgan  County 
in  the  southwestern  corner  of  that  county,  would  reach  the 
same  river  at  about  the  mouth  of  the  Opequon,  which  is  thir- 
teen miles  north  of  a  parallel  line  from  the  river  at  Harpers 
Ferry.  In  the  center  of  the  area,  the  river  reaches  a  point 
twelve  and  a  half  miles  north  of  this  first  east  and  west  line. 
The  river  thus  makes  a  large  swing  to  the  north  and  then  to 
the  south,  and  follows  a  very  meandering  course  on  its  north- 
ern and  southern  swings,  while  its  easterly  course  is  marked 
by  only  a  few  meanders  and  these  meanders  are  mainly  in 
northern  Berkeley  County. 

The  length  of  the  channel  around  these  three  counties  is 
132  miles,  with  a  fall  from  520  feet  in  altitude  to  260  feet  at 
Harpers  Ferry,  or  two  feet  to  the  mile.  From  the  southwest- 
ern corner  of  Morgan  County,  the  river  follows  a  strongly 
meandering  course  northeast  28  miles  to  near  Lineburg,  and 
the  air-line  distance  is  eleven  miles.  Two  of  the  river  bends 
extend  three  miles  to  the  west  at  Magnolia  and  Doe  Gully. 
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The  bends  are  very  symmetrical  and  deeply  trenched  in  the 
valley.  The  fall  of  the  river  in  this  section  is  low,  averaging- 
two  and  a  half  feet  to  the  mile,  though  on  the  bend  at  Magnolia 
for  a  distance  of  five  miles,  the  fall  is  four  feet  to  the  mile 
From  Lineburg  to  Sir  Johns  Run,  the  fall  of  the  river  is  six 
feet  to  the  mile  and  the  channel  is  not  winding.  From  Line- 
burg, the  river  flows  east  to  Cacapon  Mountain  in  a  transverse 
valley,  five  miles  of  straight  channel  with  a  fall  of  only  1.7  feet 
to  the  mile.  It  then  turns  northeast  nine  miles  to  Hancock, 
curving  in  a  small  meander  around  the  hard  sandstone  ridge 
near  Roundtop.  This  meander  is  nearly  a  half  mile  wider  than 
its"  former  channel.  From  Hancock  the  river  flows  southeast 
in  a  nearly  straight  channel  twelve  and  a  half  miles  to  within 
a  mile  of  the  mouth  of  Back  Creek.  The  fall  of  the  river  from 
Sir  Johns  Run  to  this  point  is  1.3  feet  to  the  mile,  but  near 
the  mouth  of  Back  Creek  the  fall  increases  to  4.4  feet  to  the 
mile,  then  drops  to  2.3  feet  to  a  point  one  and  half  miles  be- 
yond dam  No.  5.  Near  Back  Creek  the  river  turns  east  for 
three  miles  to  the  double  ox-bow  at  Little  Georgetown.  From 
this  town  to  dam  No.  5  is  two  miles  by  air-line  and  six  and  a 
half  miles  by  the  river  and  this  portion  of  the  channel  has  a 
fall  of  2.3  feet  to  the  mile.  From  dam  No.  5,  the  river  runs 
east  with  a  north  bend  along  the  cliffs  at  Indian  Church,  seven 
miles  to  Williamsport,  where  it  turns  due  south  for  two  and  :■ 
half  miles,  then  bends  west  three  miles  to  Falling"  Waters, 
thence  southeast  and  east  to  the  big  bend  at  Whitings  Neck, 
then  east  by  dam  No.  4  which  is  ten  miles  below  Falling 
Waters.  The  fall  from  one  and  a  half  miles  below  dam  No.  5 
to  Whitings  Neck,  sixteen  and  a  half  miles,  is  1.1  feet  to  the 
mile,  but  increases  in  the  next  four  miles  to  dam  No.  4  to  4.4 
feet  to  the  mile.  From  dam  No.  4,  the  river  follows  a  very 
winding  channel  12  miles  long  to  Shepherdstown  with  a  fall  of 
].(')()  feel  (o  the  mile.  The  air-line  distance  is  four  miles.  From 
Shepherdstown,  the  river  flows  east  two  and  three-fourths 
miles,  then  south  to  Harpers  Ferry.  The  distance  by  river  is 
13  miles,  with  a  total  fall  of  30  feet,  or  2.3  feet  to  the  mile. 

The  Potomac  River  Valley  is  cut  through  the  Devonian 
Shales  from  the  southwestern  corner  of  Morgan  County  along 
most   of  the  course  to  beyond    Back  Creek,  except  where  it  is 
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cut  through  the  mountain  ranges.  At  Lineburg,  it  cuts 
through  a  gap  in  Carboniferous  Sandstone  in  Sideling  Hill. 
The  gap  in  Tonoloway  Ridge  is  cut  through  the  Oriskany 
Sandstone  and  the  underlying  limestones.  It  then  cuts 
through  Silurian  Shales  to  the  Warm  Spring  Ridge,  where  it 
again  cuts  through  the  Oriskany  Sandstone  and  the  lime- 
stones below.  It  then  cuts  across  the  Devonian  shales  and 
sandstones  to  beyond  Back  Creek  and  then  across  the  valley 
limestones  and  shales  of  Silurian,  Ordovician  and  Cambrian. 

Its  valley  is  at  first  parallel  to  the  mountains  and  is  ther«. 
a  consequent  stream,  then  it  cuts  across  the  strata  in  a  trans- 
verse valley,  then  in  a  parallel  valley  or  longitudinal  to  Han- 
cock, then  in  a  transverse  valley  again  to  Williamsport.  In  its 
history  it  has  undergone  marked  changes  due  to  adjustment. 
The  large  meanders  at  the  west  are  probably  inherited  from 
its  winding  course  on  the  old  Harrisburg  Peneplain.  The 
variation  in  course  to  the  northeast  at  Cacapon  Mountain  is 
further  described  in  the  discussion  of  Cacapon  River. 

The  peculiar  bend  in  the  river  to  east  and  south  near 
Falling  Waters  may  find  an  explanation  in  readjustment. 
Prospect  Hill  is  thickly  strewn  with  river  boulders,  and  to  the 
southeast  of  the  hill  is  a  deep  wide  valley  which  has  every 
appearance  of  a  stream  valley  to-day,  but  does  not  include  any 
creek  or  run.  The  conditions  of  topography  in  this  section 
would  suggest  an  old  course  of  the  Potomac  running  south- 
east to  Falling  Waters  where  it  joined  the  present  course. 
Conococheague  Creek,  with  its  very  prominent  meandering 
course,  probably  emptied  into  the  old  Potomac  at  Falling 
Waters,  with  the  Little  Conococheague  tributary  from  the 
west  near  Williamsport.  By  the  cutting  down  of  this  stream, 
the  Potomac  was  tapped  near  dam  No.  5  and  deflected  to  its 
new  course.  The  high-level  gravels  of  Prospect  Hill  are  on 
the  Somerville  Peneplain,  so  the  change  was  probably  post- 
Somerville. 

TERRACES. — The  Potomac  is  bordered  by  an  alluvial 
terrace  over  a  large  portion  of  its  length  on  the  border  of  these 
three  counties,  a  terrace  composed  of  silt,  sand,  and  fine  gravel 
and  it  represents  the   flood-plain  of  the  river.     At   500  feet 
toward  the  east  and  rising  to  700  feet  near  Pawpaw  is  a  second 
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terrace  often  gravel-covered  which  represents  the  remnants  of 
the  Somerville  Peneplain.  This  terrace  is  well  marked  through 
most  of  the  river's  course  in  this  area.  At  900  to  1000  feet  are 
the  remnants  of  the  Harrisburg  Plain,  not  as  well  preserved 
as  the  lower  ones.  It  is  found  along  the  course  from  Pawpaw 
to  Hancock,  but  east  of  Hancock,  the  hills  are  not  high  enough 
to  hold  this  terrace,  until  near  Harpers  Ferry. 

The  course  of  the  Potomac  was  changed  to  some  extent 
during  late  geological  time,  in  the  Quaternary  epoch.  One  of 
these  changes  is  described  b\  Stose  in  the  U.  S.  Geological 
Survey  Folio  on  Pawpaw-Hancock  sheets,  in  the  vicinity  of 
Pawpaw.     His  description  is  as  follows  : 

"The  Potomac  formerly  occupied  a  large  ox-bow  west  of  Fawpaw 
in  the  open  valley,  leaving  the  river  one  mile  east  of  the  margin  of 
the  quadrangle,  and,  swinging  northwest  for  two  miles,  returning  to 
the  river  down  Purslane  Valley.  This  channel  at  the  divide  is  deeply 
silted  to  an  elevation  of  670  feet,  but  the  depth  of  the  floor  is  not 
known.  The  ox-bow  has  been  abandoned  for  a  shorter  and  straighter 
course,  but  the  evidence  of  a  cut-off  by  the  overlapping  of  the  me- 
anders of  the  stream  is  lacking.     *     *     *     * 

"The  town  of  Pawpaw  is  located  in  a  low  amphitheater-like  plain 
that  was  once  occupied  by  the  river  in  its  lateral  swing  upon  leaving 
the  Purslane  ox-bow.  When  the  latter  was  abandoned  the  river  tended 
to  straighten  its  course  below,  and  the  big  bend  has  consequently 
moved  downstream  to  its  present  position,  where  the  impingement  of 
its  current  on  the  right  bank  has  nearly  severed  the  narrow  neck  of 
land  at  the  Baltimore  and  Ohio  Railroad  cut  and  has  left  a  broad 
alluvial  flat  on  the  opposite  side  of  the  bed. 

"The  river  undoubtedly  once  flowed  over  the  low  divide  across 
the  neck  of  land  south  of  Little  Orleans  (in  Maryland),  which  is  partly 
covered  with  river  gravel,  but  the  rock  revealed  beneath  the  gravel 
by  the  Western  Maryland  Railway  cut  demonstrates  that  if  this  short 
cut  was  abandoned  owing  to  the  channel  being  filled  with  alluvium, 
in  the  same  way  that  the  change  in  the  Purslane  ox-bow  is  explained, 
the  early  channel  was  not  cut  as  deep  as  the  present  river  bed." 

ROCKWELL  RUN.— Along  the  western  side  of  the  area, 
the  streams  arc  small  runs  which  rise  on  Purslane  Mountain 
and  reach  the  Potomac  by  short  courses.  Rockwell  Run  is 
the  largesl  of  these  and  follows  the  high-level  valley  between 
Sideling  Hill  and  Purslane  Mountain,  at  an  elevation  of  1200 
to  1600  feel  above  sea,  to  a  transverse  gap  at  the  north  end  o! 
J'nrslane  Mountain,  where  the  run  turns  to  the  west,  reaching 
the  Potoma*  one  mile  south  of  Orleans  Crossroads.  Its  total 
length  i- about  five  miles  with  a  fall  of  1 1 40  feet,  or  nearly  230 
feel  to  the  mile.    The  grade  For  four  miles  falls  100  feet  every 
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Contour  interval  50  feet. 

Figure  5.     Abandoned  River  Channel  of  the  Potomac  near  Pawpaw,  Morgan 

County. 

half  mile  with  marked  regularity.  Like  all  these  mountain 
runs,  they  carry  in  ordinary  season  a  small  volume  of  water 
fed  by  springs,  but  in  a  period  of  rains  become  roaring  torrents 
with  rapid  erosion. 

GREAT  CACAPON  RIVER.— The  most  prominent 
stream  in  the  western  part  of  the  area  is  the  Great  Cacapon 
River  whose  life  history  and  alterations  form  an  interesting 
chapter  in  the  physiography  of  the  region.  The  river  has  its 
source  in  the  highlands  of  the  southeastern  corner  of  Hardy 
County  and  follows  a  northeasterly  course  across  the  eastern 
portion  of  Hampshire  County  and  across  the  west  central  part 
of  Morgan  to  the  Potomac  at  Great  Cacapon  Station  on  the 
Baltimore  and  Ohio  Railroad.  The  air-line  distance  from  its 
source  to  its  mouth  is  64  miles ;  while  by  the  river  channel, 
the  distance  is  100  miles.     The  lower  third  of  its  channel  has 
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quite  a  different  appearance  to  the  upper  two-thirds,  and 
shows  a  different  history.  The  lower  third  of  the  course  with 
its.  many  meanders  has  the  character  of  a  mature  stream ; 
while  the  upper  two-thirds  in  a  fairly  straight  course  with 
steeper  fall,  rapids,  and  small  waterfalls,  has  the  characteristics 
of  a  youthful  river.  Its  upper  course  is  mostly  through  lime- 
stone, while  the  lower  courses  are  for  the  most  part  through 
shales,  but  broken  here  and  there  by  masses  of  hard  strata. 

The  average  fall  from  1800  feet  at  its  source  to  430  feet  at 
the  Potomac  would  be  13.7  feet  to  the  mile,  but  the  gradient 
of  its  channel  varies  in  different  parts  and  is  highest  in  the 
upper  reaches  of  the  river.  From  its  source  down  to  War- 
densville,  35  miles,  the  fall  is  700  feet,  or  20  feet  to  the  mile  ; 
from  Wardensville  to  Capon  Bridge,  a  distance  of  24  miles, 
the  fall  is  350  feet,  or  15  feet  to  the  mile;  from  Capon  Bridge 
to  Forks  of  Cacapon  is  10  miles  with  a  fall  of  170  feet,  or  17 
feet  to  the  mile ;  from  the  Forks  to  Spring  Ford  in  Morgan 
County  is  20  miles,  with  a  fall  of  120  feet,  or  6  feet  to  the  mile, 
a  very  abrupt  change  in  the  gradient,  part  of  which  may  be 
accounted  for  by  error  in  the  contours  on  the  old  reconnais- 
sance atlas  sheets  which  cover  the  portion  of  the  area  on  the 
Winchester  sheet  of  the  U.  S.  Geological  Survey.  From 
Spring  Ford  to  Harland  Ford,  however,  a  distance  of  2.5  miles, 
the  accurate  new  Government  sheets  show  a  fall  of  20  feet  or 
8  feet  to  the  mile ;  from  Harland  to  Rock  Ford,  three  and  a  half 
miles,  the  fall  is  20  feet  or  5.7  feet  to  the  mile;  and  from  Rock 
Ford  to  the  mouth  of  the  river,  7  miles,  the  fall  is  70  feet,  or  10 
.feet  to  the  mile. 

While  the  meandering  lower  course  would  suggest  a  river 
in  maturity  with  its  work  well  completed,  the  slopes  of  the 
channel  show  that  the  river  is  still  engaged  in  active  work  of 
erosion  of  the  channel,  and  its  characters  are  more  youthful 
than  its  course-  indicates,  a  fact  which  will  again  be  referred 
to  in  the  discussion  of  the  history  of  this  river.  When  the 
rock  structure  of  this  channel  is  examined,  the  changes  of  gra- 
dient in  its  different  portions  find  an  explanation.  From  the 
south  line  of  Morgan  County  to  Spring  Ford,  the  average  fall 
per  mile  is  6  feet,  and  the  course  is  over  Devonian  Shales. 
where  rock  conditions  are  favorable  to  erosion,  and  the  stream 


WEST    VIRGINIA    GEOLOGICAL    SURVEY.  57 

reaches  a  temporary  base-level  with  reference  to  that  portion 
of  the  river  cutting  the  hard  Oriskany  Sandstone  at  Ziler  Ford 
and  the  limestones  down  to  Harland  Ford.  The  fall  along  this 
area  of  hard  rocks  is  8  feet  to  the  mile.  From  this  place  to 
Rock  Ford,  the  fall  is  only  5.7  feet  to  the  mile  where  the  river 
is  cutting  into  the  more  or  less  siliceous  Tonoloway  Lime- 
stone. Near  Rock  Ford  the  river  impinges  on  the  Oriskjany 
Sandstone  and  is  deflected  to  the  east  across  the  limestone 
forming  rapids  over  the  hard  sandstone  (Keefer).  It  then 
passes  into  the  soft  Clinton  Shales  and  the  gradient  increases 
^o  10  feet  to  the  mile  down  to  the  alluvial  plain  of  the  Potomac. 

After  passing  across  Tonoloway  Ridge  at  Ziler  Ford,  the 
river  follows  along  this  ridge  cutting  into  it  in  places  with 
high  vertical  walls  of  scenic  grandeur,  and  depositing  here 
and  there  narrow  belts  of  alluvium  on  its  east  bank.  After 
its  deflection  by  the  Oriskany  Sandstone  near  Rock  Ford,  the 
river  bends  toward  Cacapon  Mountain,  cutting  into  it  at  Edes 
Fort  which  is  left  as  an  outlier  of  hard  quartzite  on  its  west 
bank. 

It  again  cuts  into  Tonoloway  Ridge  with  a  large  bu*" 
narrow  ox-bow  bend  where  the  power-plant  is  now  located. 
The  electric  power  company  has  here  cut  a  tunnel  and  ditch 
across  the  narrow  neck  of  land  connecting  the  two  portions  of 
the  bend,  giving  a  fall  of  twenty  feet  in  a  distance  of  one- 
eighth  of  a  mile.  The  river  is  again  deflected  near  its  mouth 
by  the  fluted  Keefer  Sandstone  rocks  on  the  slope  of  Cacapon 
Mountain.  Over  most  of  the  course  the  river  is  bordered  by 
high  precipitous  cliffs.  At  the  south  of  the  Pawpaw  sheet  on 
Tonoloway  Ridge,  the  cliffs  rise  to  a  height  of  300  to  500  feet, 
with  the  river  at  their  base,  while  on  the  east  side  is  the  steep 
Cacapon  Mountain  rising  to  a  height  of  1600  feet  above  the 
river,  with  its  slopes  trenched  by  steep  mountain  streams  that 
flow  at  right  angles  to  the  mountain  down  to  the  river.  Their 
fall  would  be  about  250  feet  to  the  mile  so  that  in  the  rainy 
season  they  are  filled  with  torrential  waters,  and  at  other  times 
are  small  runs  fed  by  mountain  springs.  They  have  cut  steep 
walled  valleys  that  gash  the  mountain  side  and  expose  the  red 
Medina  Sandstone  below  the  heavy  cover  of  white  Medina 
auartzite.     From   Rock  Ford  north  the  river  wall  is  on  the 
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east  side  against  the  mountain.  A  meander  to  the  west  near 
the  mouth  on  the  Potomac  alluvial  plain  has  now  carried  the 
river  away  from  its  old  course  against  the  mountain,  but  the 
perpendicular  walls  of  the  mountain  at  this  place  show  the  old 
course.  The  valley  of  the  river  as  shown  on  the  Pawpaw 
sheet  is  narrow  with  a  few  alluvial  shelves,  but  alluvial  de- 
posits on  the  river  are  of  small  extent. 

In  the  upper  courses  of  Cacapon  River  in  Hardy  County, 
the  valley  is  broad  in  sharp  contrast  to  the  gorge  character 
further  north.  The  Lost  River  Valley  is  one  to  two  miles 
vs'ide  with  an  elevation  of  1500  to  1700  feet  above  sea,  and  it  is 
bounded  on  the  west  by  the  South  Branch  Mountain  and  its 
minor  ridges ;  on  the  east  by  the  Cove  Mountains  which  are 
the  foot-hills  of  the  Great  North  Mountain.  These  ridges  are 
almost  level-topped  with  an  elevation  of  2500  to  2700  feet  and 
they  represent  an  old  peneplain,  probably  the  Schooley. 

The  Cacapon  River  is  the  same  as  Lost  River,  the  names 
changing  where  the  river  passes  under  Sandy  Ridge.  Its  val- 
ley at  Wardensville  in  Hardy  County  is  about  four  miles  wide 
with  an  elevation  of  1100  to  1400  feet,  with  the  river  nearly  in 
the  center  of  the  valley.  At  Capon  Bridge  in  Hampshire 
County,  the  valley  is  one  to  one  and  a  half  miles  wide,  with 
the  river  against  the  west  mountain  ridge.  North  of  this  place, 
the  river  flows  through  a  high  walled  narrow  gorge.  At  Forks 
of  Cacapon,  the  river  follows  the  east  ridge  and  its  valley  is 
two  miles  wide,  but  to  the  south  of  this  place,  the  river  runs 
through  another  gorge  for  two  miles. 

Alterations  in  the  River  Course. — In  Hardy  County,  the 
North  Fork  of  Cacapon  River  follows  the  same  course  as  Lost 
River,  while  at  Hanging  Rock  the  Lost  River  bends  abruptly 
to  the  east,  and  two  miles  west  of  Wardensville  has  abandoned 
its  course  around  the  north  end  of  Sandy  Ridge  and  passes 
under  the  ridge  in  a  natural  tunnel  in  the  limestone,  and  it  is 
from  tins  point  that  it  is  called  Cacapon  River,  the  upper  por- 
tion disappearing  into  the  mountain  was  earl)'  named  Los't 
River.  At  Wardensville  the  river  bends  northeast  parallel  to 
its  course  in  Lost   River  and  also  parallel  to  the  North  Fork. 

It    follows    this   direction    to    the    Forks    where    it    is    joined    by 

the  North  Fork. 
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In  a  past  time  the  extent  of  the  drainage  area  and  the 
number  of  larger  tributary  runs  probably  made  the  Cacapon 
River  a  larger  stream  than  the  North  Fork  which  from  the 
topography  was  probably  the  continuation  northward  of  Lost 
River  and  Cacapon  River,  cutting  back  into  Sandy  Ridge, 
finally  passed  through  the  eroded  tunnel  under  the  ridge, 
thereby  shortening  its  course  and  caused  its  headwaters  to 
work  backward  toward  Hanging  Rock,  tapping  the  headwaters 
of  North  Fork  in  the  Lost  River  portion.  The  Lost  River  was 
thus  deflected  to  Cacapon  River,  leaving  the  North  Fork  as  a 
beheaded  stream,  an  example  of  stream  capture  seen  in  many 
portions  of  the  Appalachians. 

There  is  considerable  evidence  in  the  topography  of  Mary- 
land, as  worked  out  by  Stose  in  the  U.  S.  Geological  Survey 
Pawpaw-Hancock  Folio,  indicating  a  probable  old  course  of 
the  Potomac  River  east  of  Sideling  Hill,  running  northeast 
between  Sideling  Hill  and  Tonoloway  Ridge,  then  passing 
through  the  Tonoloway  Creek  Gap  on  to  Hancock,  where  the 
course  followed  the  present  Potomac  Valley.  Stose,  in  the  re- 
port quoted,  showrs  that  the  antecedent  of  Great  Cacapon  River 
then  followed  the  course  of  the  present  Potomac  from  its  pres- 
ent mouth  or  near  that  place  to  Hancock.  From  the  evidence 
of  the  river  gravels  on  the  700-foot  level  near  Great  Cacapon 
town,  he  reached  the  conclusion  that  one  of  the  meanders  of 
the  river  was  cutting  into  Tonoloway  Ridge  at  this  point, 
wearing  it  down  until  the  Potomac  was  able  to  pass  through 
the  gap  and  was  diverted  into  the  Great  Cacapon  channel  and 
then  followed  its  present  course  from  Woodmont  to  Hancock. 
The  gravels  are  on  the  Someiville  Terrace  so  the  change  in 
course  was  probably  post-Somerville.  This  would  also  indi- 
cate that  the  meanders  of  its  present  course  were  cut  in  the 
Somerville  Plain,  and  they  may  possibly  date  from  the  Harris- 
burg  Peneplain. 

SLEEPY  CREEK. — Sleepy  Creek  has  its  source  on  the 
west  slope  of  Timber  Ridge  in  the  Northeastern  part  of  Hamp- 
shire County  and  follows  this  ridge  northeast  to  Rock  Gap 
where  it  crosses  the  ridge  in  the  southern  part  of  Morgan 
County.  •  Its  total  length  to  the  Potomac  in  an  air-line  is  2"> 
miles  and  by  the  winding  channel  it  is  42  miles.     Its  elevation 
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at  the  source  is  1100  feet  and  at  the  mouth,  400  feet,  or  an 
average  fall  of  17  feet  to  the  mile.  The  fall  from  its  source  to 
the  south  end  of  the  Pawpaw  Quadrangle,  13  miles,  is  26  feet 
to  the  mile;  from  this  point  to  Rock  Gap,  1.5  miles,  the  fall  is 
20  feet  to  the  mile ;  from  Rock  Gap  Run  to  Smiths  Crossroads 
is  7.5  miles  with  a  fall  of  100  feet,  or  13.3  feet  to  the  mile; 
from  Smiths  to  near  Stohrs  Crossroads,  11.5  miles,  the  fall 
is  100  feet,  or  9  feet  to  the  mile ;  from  Stohrs  to  the  Potomac, 
9  miles,  the  fall  is  100  feet,  or  11  feet  to  the  mile. 

Near  the  south  edge  of  the  Hancock  Quadrangle,  Sleepy 
Creek  is  joined  by  the  north-flowing  Middle  Fork  with  its 
tributary  South  Fork.  The  river  or  creek  channel  is  cut  into 
the  Jennings  Shales  and  Catskill  Red  Shales  and  is  bordered  by 
alluvial  flats.  It  follows  the  general  trend  of  the  rock  forma- 
tions and  is  a  type  of  consequent  stream.  Its  drainage  basin 
is  broad,  extending  from  Sleepy  Creek  Mountain  to  Pious 
Ridge  on  the  west,  with  a  width  of  four  to  five  miles.  Its 
tributary  creeks  and  runs  on  the  west  cut  through  transverse 
valleys  in  the  ridges  to  join  the  main  stream,  and  thus  suggest 
a  modified  drainage  system  probably  due  to  backward  cutting 
into  the  ridges  and  the  tapping  of  Warm  Spring  Run  tribu 
taries.  These  transverse  valleys  are  seen  in  Swim  Hollow 
Run,  Yellow  Spring  Run,  Rock  Gap  Run,  and  other  runs 
shown  on  the  map,  but  unnamed. 

On  the  east  side  of  the  main  creek,  the  large  tributaries 
follow  the  rock  structure  as  subsequent  streams,  the  largest 
being  Mountain  and  Meadow  Branch  Runs.  Mountain  Run 
drains  the  west  slope  of  Sleepy  Creek  Mountain,  sending  its 
small  branches  back  to  the  foot  of  the  mountain.  It  follows 
the  course  of  the  mountain  and  lies  between  it  and  Highland 
Ridge.  Its  length  is  6  miles  with  a  fall  of  410  feet,  or  68  feet 
to  the  mile.  Meadow  Branch  Run  drains  the  valley  between 
Sleepy  Creek  Mountain  and  Third  Hill  Mountain  from  the 
Locks  of  the  Mountain  to  their  northern  end.  In  its  upper 
portions,  it  is  now  only  a  small  run  fed  by  springs,  but  i 
gradually  increases  in  volume  and  leaves  the  mountains  as  a 
swiftly  flowing  stream  of  good  volume,  passing  over  the  falls 
and  rapids,  characteristic  of  a  youthful  stream.    At  the  north 

end  of  th<-  mountains,  it  passes  through  a  deep  vertical  walled 
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gorge  in  the  Carboniferous  sandstone  through  most  rugged 
and  wildly  picturesque  scenery  at  the  Devils  Nose  and  above. 
The  length  of  Meadow  Branch  Valley  is  14  miles  and  it  is 
nearly  a  mile  wide,  composed  of  soft  red  and  buff  shales,  a 
very  fertile  valley  at  the  present  time  abandoned  in  cultiva- 
tion. The  run  falls  420  feet  from  Myers  to  the  Devils  Nos'e 
in  a  distance  of  8  miles,  or  a  fall  of  52  feet  to  the  mile.  From 
this  point  to  the  mouth,  2.5  miles,  the  fall  is  only  9  feet  to  the 
mile.  The  course  of  the  stream  is  slightly  winding  and  it  has 
built  up  small  alluvial  flats.  As  it  impinges  on  the  hard  sand- 
stone at  the  north,  it  is  deflected  eastward  a  short  distance, 
then  passes  north  between  the  two  mountains. 

At  Johnsons  Mill,  Sleepy  Creek  has  cut  across  an  old 
ox-bow.  The  old  channel  is  seen  to  the  north  of  the  present 
stream  at  the  old  mill  and  it  passes  to  the  south  in  a  broad 
curve  around  a  rocky  shale  hill  in  a  valley  now  marked  by  a 
floor  of  silt,  sand,  and  fine  gravel.  The  creek  cuts  across  the 
narrow  portion  of  the  big  curve  and  passing  over  rapids,  falls 
into  the  old  channel  which  is  a  deep  pool  at  this  place  and 
curves  abruptly  to  the  north.  The  bank  of  the  creek  at  this 
pool  is  vertical  and  somewhat  undercut.  It  is  composed  of 
cliffs  of  Devonian  Shales  and  is  a  scenic  point  which  attracts 
many  visitors  during  the  summer. 

ROCK  GAP  RUN,— This  western  tributary  of  Sleepy 
Creek  has  cut  a  deep  gor)ge  through  Warm  Spring  Ridge  near 
the  south  end  of  the  Pawpaw  Quadrangle.  It  is  at  the  pres- 
ent time  a  very  small  run,  probably  the  successor  of  a  much 
larger  stream  in  earlier  time  that  may  have  drained  the  Sir 
Johns  Run  Valley,  but  by  the  deepening  of  the  valley  of  the 
Potomac  after  its  course  was  changed  through  Tonoloway 
Ridge,  the  Potomac  tributary  probably  captured  the  head- 
waters of  Rock  Gap  Run. 

SIR  JOHNS  RUN  drains  the  valley  between  Cacapon 
Mountain  and  Warm  Spring  Ridge.  It  follows  a  course  paral- 
lel to  these  ridges  and  it  is  a  subsequent  stream  with  a  length 
of  8  miles  and  a  fall  in  that  distance  of  540  feet,  or  nearly  70 
feet  to  the  mile.  The  valley  is  narrow,  its  branches  short, 
volume  of  water  small,  except  after  rains,  and  it  reaches  the 
Potomac  at  Sir  Johns  Run  Station. 
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Figure    <i.     Ox-bow    cut-off    in    Sleepy   Creek    at   Johnsons    Mill,   Morgan 

County. 

WARM  SPRING  RUN  drains  the  valley  between  Warm 
Spring  Ridge  and  Horse  Ridge.  It  lias  a  length  of  11  miles 
and  a  fall  of  420  feet,  or  nearly  40  feet  to  the  mile.  It  follows 
close  i"  Warm  Spring  Ridge  and  is  lYd  by  various  springs, 
especially  l>v  tin-  warm  springs  at    Berkeley  Springs.     On  the 
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east  it  has  a  number  of  short  tributaries  which  extend  into  the 
divides  separating  them  from  the  Sleepy  Creek  drainage.  Its 
lower  course  is  winding,  and  it  reaches  the  river  at  Brosius, 
opposite  Hancock,  Maryland. 

BACK  CREEK. — Back  Creek  is  a  subsequent  stream  with 
its  source  near  Lafolletsville  in  the  southeastern  part  of 
Hampshire  County,  from  which  place  the  creek  flows  north- 
east across  Frederick  County,  Virginia,  thence  across  Berke- 
ley County,  West  Virginia,  along  the  west  slope  of  North 
Mountain,  reaching  the  Potomac  at  a  point  about  half-way 
between  Cherry  Run  and  Little  Georgetown.  Its  air-line 
length  is  38  miles  and  the  channel  length  is  57  miles.  The 
average  fall  from  source  to  mouth  is  15  feet  to  the  mile,  or  a 
total  fall  of  840  feet.  In  its  upper  portion  down  to  Rock  Enon 
Springs,  a  distance  of  10  miles,  the  fall  is  500  feet,  or  50  feet 
to  the  mile.  In  the  next  9  miles  to  Gainesboro,  the  fall  is  11 
feet  to  the  mile.  From  the  south  line  of  Berkeley  County  to 
near  Tomahawk,  the  distance  is  20  miles  with  a  fall  of  60  feet, 
or  3  feet  to  the  mile ;  from  this  place  to  the  Hedgesville  road  i 
3*4  miles  with  a  fall  of  40  feet,  or  12  feet  to  the  mile ;  and  in 
the  8^4  miles  from  this  road  to  the  mouth  of  the  creek,  the 
fall  is  40  feet,  or  4.7  feet  to  the  mile.  The  channel  on  the 
Hancock  Quadrangle  is  cut  in  the  Devonian  Shales  and  is  a 
meandering  one  with  quite  symmetrical  curves.  The  alluvial 
flats  are  well  developed  at  various  places,  reaching  a  width  of 
a  quarter  mile,  but  they  are  not  continuous,  being  broken  by 
canyon-like  walls  which  come  down  to  the  water's  edge.  The 
land  slopes  to  the  west  from  the  creek,  while  on  the  moun- 
tain side  are  high  cliffs  of  shale  often  vertical.  A  series  of 
gravel  terraces  at  the  500-foot  level  along  the  stream  indicates 
the  old  level  of  the  Somerville  Peneplain  where  its  meanders 
were  probably  formed,  and  during  the  later  elevation  the 
winding  course  was  maintained. 

The  gradient  of  this  stream  valley  with  its  steep  moun- 
tain slope  and  low  fall  near  the  mouth  is  normal,  but  an  ex- 
ception comes  into  the  course  from  the  county  line  to  near 
Tomahawk,  where  the  fall  is  only  3  feet  to  the  mile,  while  on 
each  side  of  this  area,  the  fall  is  11  to  12  feet.  This  is  possi- 
bly due  to  the  narrow  gorge  obstruction  in  the  channel  just 
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north  of  the  Hedgesville  road  which  impounds  the  water  back- 
nearly  to  Tomahawk,  thereby  making  a  temporary  base-leve' 
for  the  Tomahawk  portion  of  the  creek.  Back  Creek  is  fed 
by  numerous  short  tributary  runs  on  both  sides.  In  Berkeley 
County,  it  has  only  one  long  feeder,  Tilhance  Creek,  which 
empties  into  Back  Creek  two  miles  from  its  mouth.  This 
stream  and  its  branches  drain  a  large  area  in  Back  Creek 
Valley. 

TILHANCE  CREEK  has  its  source  in  the  foot-hills  of 
Third  Hill  Mountain  and  flows  northeast  to  south  of  Baxter, 
where  it  turns  abruptly  to  the  east  and  then  northeast  parallel 
to  Ferrel  Ridge,  bending  around  the  north  end  of  this  ridge 
in  a  transverse  valley  at  Soho,  then  northeast  to  Back  Creek. 
Its  length  is  9  miles  with  a  fall  of  400  feet  in  that  distance,  or 
45  feet  to  the  mile.  It  is  a  stream  of  small  but  steady  volume 
in  ordinary  weather.  Its  eastern  tributaries  follow  longitu- 
dinal valleys  parallel  to  the  main  run  and  also  to  the  ridg-e, 
while  its  western  tributaries  run  at  right  angles  to  the  main 
stream  and  have  cut  deep  narrow  valleys  into  the  mountain 
This  arrangement  of  parallel  tributaries  on  the  east,  and 
transverse  on  the  west,  is  a  striking  feature  of  this  drainage 
basin. 

CHERRY  RUN  has  its  source  on  the  slopes  of  Panics 
Knob  and  follows  a  transverse  high  valley  between  the  two 
northern  portions  of  Third  Hill  Mountain  known  as  Hedges 
and  Short  Mountains.  At  the  eastern  foot  of  the  mountain, 
the  run  leaves  the  transverse  course  and  bends  northeast  to 
another  transverse  valley  near  Holton,  then  northeast  to  the 
Potomac  below  Cherry  Run  Station.  Its  length  is  7  miles 
with  a  fall  of  780  feet,  or  111  feet  to  the  mile.  In  the  first  1/ 
miles  of  its  mountain  course  to  the  foot  of  the  mountain,  tin- 
fall  is  300  feet  to  the  mile,  and  from  here  to  the  mouth  of  the 
run  the  fall  is  60  feet  to  the  mile.  The  lower  half  of  its  course 
from  Holton  down  has  a  fall  of  35  feet  to  the  mile,  so  that  its 
channel  is  steep  through  most  of  its  course.  Cherry  Run 
from  its  moulh  to  its  source  forms  the  boundary  line  between 
Morgan  and  Berkeley  Counties. 

The  eastern  slope  <>f   North   Mountain  is  drained  by  ITar 
land    Rtlll    and    its   branches.      This   run    is    fed    by    some    very 
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Large  springs  at  Harland  Spring  Farm  and  at  Spring  Mills,  and 
formerly  furnished  water-power  for  the  mill  at  the  latter  place. 
It  reaches  the  river  at  Little  Georgetown. 

OPEQUON  CREEK.— The  next  large  stream  in  the  area 
eastward  is  the  Opequon  which  reaches  the  Potomac  east  of 
Bedington.  Its  source  is  on  the  east  slope  of  Little  North 
Mountain  west  of  Winchester,  Virginia.  It  flows  south  and 
east  to  Bartonsville,  5  miles  south  of  Winchester,  thence  north- 
east, passing  5  miles  east  of  Winchester,  thence  by  Wadesville 
into  Berkeley  County,  West  Virginia,  passing  2  miles  east  of 
Martinsburg,  and  reaches  the  Potomac  2  miles  east  of  Beding- 
ton. The  distance  from  its  source  to  its  mouth  is  34  miles  air- 
line, but  by  the  channel  it  is  65  miles.  It  follows  the  lime- 
stone valley  in  a  winding  course  with  low  grade.  Its  head- 
waters pass  down  a  slope  of  18  to  22  feet  to  the  mile  to  a  point 
east  of  Winchester ;  from  this  place  to  a  point  west  of  Kear- 
neysville,  a  distance  of  25  miles,  the  fall  is  100  feet,  or  4  feet  to 
the  mile ;  from  this  point  to  the  mouth  of  the  creek,  20  miles, 
the  fall  is  70  feet,  or  3.5  feet  to  the  mile ;  so  that  the  average  fall 
of  the  stream  from  Winchester  is  less  than  4  feet  to  the  mile. 
Opequon  Creek  drains  practically  all  of  Berkeley  County  east 
of  North  Mountain.  Its  tributaries  are  mostly  small,  the 
larger  being  Middle  Creek,  east  of  Darkesville,  Mill  Creek  near 
Bunker  Hill  and  Gerrardstown,  Tuscarora  and  Dry  Run  near 
Martinsburg. 

These  tributary  runs  have  their  sources  in  or  near  North 
Mountain.  Middle  Creek  has  its  source  on  the  North  Moun- 
tain east  slope  near  Grantham,  and  flows  southeast  past 
Darkesville  to  the  Opequon  west  of  Leetown.  Its  length  is 
nearly  10  miles  with  a  fall  of  300  feet,  or  30  feet  to  the  mile. 

Mill  Creek  has  its  source  in  Frederick  County,  Virginia, 
and  follows  a  northeast  course  to  Gerrardstown  and  then 
flows  southeast  past  Bunker  Hill  to  the  Opequon.  Its  length 
ir  Berkeley  County  is  13  miles,  with  a  fall  of  310  feet,  or  24 
feet  to  the  mile.  It  is  used  for  water-power  at  the  Bunker  Hill 
Mill.  Evans  Run  rises  just  north  of  Pitzers  Chapel  and  near 
the  source  of  the  Tuscarora,  but  flows  nearly  east  to  the 
Opequon  west  of  Van  Clevesville.    Its  length  is  2.75  miles  and 
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its  fall  is  12.4  feet  to  the  mile.     This  run  receives  its  largest 
supply  from  Big  Spring,  two  miles  south  of  Martinsburg, 

Tuscarora  Creek  has  its  source  near  Pitzers  Chapel,  north- 
west of  Arden,  and  flows  northeast  parallel  to  the  mountain  to 
near  Nollville,  where  it  turns  east  by  Martinsburg  and  reaches 
the  Opequon  near  where  the  Baltimore  and  Ohio  Railroad} 
crosses  that  creek.  Its  length  is  12  miles,  with  a  fall  of  280 
feet,  or  23.3  feet  to  the  mile.  A  number  of  mills  are  run  by 
water-power  from  this  creek  near  Nollville,  Martinsburg,  and 
east  of  this  city.  The  north  branch  of  the  creek  is  known  as 
Dry  Run  with  a  length  of  6  miles.  The  tributary  runs  on  the 
east  side  of  the  Opequon  are  small,  the  largest  being  Hope- 
well Run  at  Leetown,  and  Turkey  Run  at  Middleway. 

Rock  Marsh  Run  has  its  source  near  Kedrneysville  and 
flows  nearly  north  past  Scrabble,  reaching  the  Potomac  River 
near  dam  No.  4.  Its  length  is  9  miles,  with  a  fall  of  20  feet  to 
the  mile.  It  is  fed  mainly  by  the  large  Wynkoop  Spring  on  the 
Martinsburg-Shepherdstown  Pike,  and  from  this  point  north 
to  the  river,  the  run  forms  the  boundary  line  between  Berkeley 
and  Jefferson  Counties.  One  mill  is  located  on  this  run,  1.5 
miles  south  of  Scrabble. 

SHENANDOAH  RIVER.— The  Shenandoah  River  is 
formed  by  the  union  of  the  North  and  South  Forks  at  Riverton, 
north  of  Front  Royal,  Virginia,  and  flows  northeast  34  miles 
lo  the  south  line  of  Jefferson  County,  West  Virginia.  It  then 
flows  20  miles  along  the  eastern  side  of  Jefferson  County  to 
the  Potomac  at  Harpers  Ferry,  a  total  length  of  54  miles,  with 
a  fall  of  100  feet  from  the  southern  line  of  Jefferson  County 
to  the  Potomac,  or  5  feet  to  the  mile,  while  the  average  fall  for 
its  whole  length  is  3  feet. 

The  South  Fork  has  its  source  just  southeast  of  Green 
ville  in  Augusta  County,  Virginia,  and  is  126  miles  long  lo 
Riverton.  The  North  Fork  rises  seven  miles  north  of  Harri- 
sonburg, Virginia,  and  is  66  miles  long  to  its  junction  with 
the  North  Fork  at  Riverton.  The  river  flows  in  a  winding 
channel  on  both  forks  and  on  the  main  river,  and  it  is  the 
largest  river  in  the  area  except  the  Potomac.  In  West  Vir- 
ginia, the  liver  has  a  number  of  long  branch  runs  from  the 
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west,  and  short  tributaries  from  the  east  as  the  channel  is  close 
to  the  foot  of  the  Blue  Ridge. 

The  largest  tributary  run  on  the  east  is  Furnace  Run  in 
the  southeast  corner  of  Jefferson  County,  which  flows  north  in 
a  longitudinal  valley  in  the  Harpers  Shale  from  near  Wilson 
Gap  to  the  river  east  of  Shannondale.  Its  fall  is  100  feet  to 
the  mile  over  a  very  rough  channel  with  numerous  small 
waterfalls. 

On  the  west  in  the  southern  part  of  Jefferson  County  is 
Long  Marsh  Run,  which  rises  near  Rippon,  and  flows  south- 
east 7  miles  to  the  Shenandoah  at  Boyds  Ferry.  At  Kable- 
town  is  Bull  Skin  Run,  its  north  fork  rising  south  of  Aldridge, 
and  the  south  fork  near  Summit  Point.  Its  length  is  12  miles 
with  a  fall  of  20  feet  to  the  mile.  At  Kabletown,  a  dam  of  14 
feet  yields  8  horse-power. 

Evitts  Run  has  its  source  west  of  Aldridge  and  flows  east 
oi  Charlestown,  thence  south  and  east  to  the  river  at  Bloom- 
ery.  Its  length  is  14  miles,  with  a  fall  of  10  feet  to  the  mile 
to  Charlestown,  then  20  feet  to  the  mile  to  Bloomery.  A  dam 
oi  16  feet  in  height  on  this  creek  at  Charlestown  gives  18  to  20 
horse-power,  while  another  on  the  Kabletown  Pike  with  a 
height  of  36  feet  yields  45  horse-power. 

Flowing  Springs  Run  has  its  source  to  the  north  of 
Charlestown  and  receives  its  greatest  amount  of  water  at 
Plowing  Springs,  two  miles  northeast  of  that  city.  It  flows 
past  Halltown  to  the  river  at  Millville,  with  a  length  of  10 
miles  and  a  fall  of  24  feet  to  the  mile.  Several  mills  were  for- 
merly run  with  the  wrater-power  from  this  run. 

The  Shenandoah  River  did  not  always  follow  its  present 
course  and  in  its  past  history  has  undergone  a  process  of  ad- 
justment. The  former  course  of  the  river  was  apparently 
across  the  Blue  Ridge  through  Snickers  Gap,  8  miles  east  of 
Berryville,  Virginia,  and  the  river  pursued  a  course  eastward 
nearly  parallel  to  the  Potomac.  This  alteration  of  course  to 
the  northward  as  the  Blue  Ridge  area  was  uplifted  was  first 
worked  out  by  Willis,  whose  description  of  this  diverted 
course  has  become  a  classic  illustration  of  stream  capture,  and 
it  is  here  quoted  from  his  article  on  the  North  Appalachians  :3 


3Nat.  Geographical  Soc,  Monographs,  Vol.  I,  No.  6,  p.  191;  1895. 
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"The  Potomac  traverses  the  Blue  Ridge  at  Harpers  Ferry.  South 
of  this  water  gap  are  several  wind  gaps,  such  as  Snickers  Gap,  which 
mark  the  channels,  of  ancient  streams,  now  diverted.  The  Shenan- 
doah River  enters  the  Potomac  above  the  water  gap  at  Harpers  Ferry, 
flowing  northward  along  the  western  base  of  the  Blue  Ridge.  The 
streams  which  passed  through  Snickers  Gap  and  the  other  wind  gaps 
ran  above  the  present  course  of  the  Shenandoah,  crossing  it  about 
at  right  angles.  The  two  drainage  systems  could  not  exist  at  one 
time;  therefore,  it  is  evident  that  the  older  one  has  been  replaced 
by  the  younger  river,  the  Shenandoah.  This  diversion  took  place  by 
the  gradual  growth  of  the  Shenandoah  from  its  mouth  southward. 
The  Potomac,  the  larger  stream,  cut  its  water  gap  faster  than  Snickers 
Gap  was  cut.  The  Young  Shenandoah  of  the  Kittatinny  (Schooley) 
Plain,  a  small  tributary  of  the  Potomac  where  the  mouth  of  the  present 
Shenandoah  is,  acquired  considerable  fall  as  the  Potomac  deepened  its 
gorge,  and  sawed  its  channel  down  rapidly  in  the  limes'tone,  which 
offered  no  great  resistance.  But  the  stream  in  Snickers  Gap,  with 
perhaps  less  fall  and  not  much  greater  volume  than  the  Shenandoah, 
had  to  saw  much  harder  rock  in  crossing  the  Blue  Ridge.  Its  chan- 
nel remained  high,  therefore,  as  compared  with  that  of  the  Shenan- 
doah. The  latter  extending  its  headquarters  backward  as  a  tree  puts 
out  new  twigs,  eventually  tapped  the  channel  of  the  other  stream 
above  Snickers  Gap.  The  waters  above  the  point  of  attack  joined 
the  Shenandoah;  the  section  between  the  point  of  attack  joined  the 
Shenandoah;  the  section  between  the  point  of  attack  and  Snickers 
Gap  was  reversed  as  the  Shenandoah  rapidly  deepened  the  channel  of 
its  new  conquest;  and  the  lower  portion  of  the  stream,  now  called 
Beaverdam  Creek,  having  lost  its  original  headwaters,  took  its 
rise  at  Snickers  Gap.  Thus  the  ancient  stream  which  once  flowed 
through  the  gap  was  divided  into  three  sections, — the  diverted,  the 
inverted,  and  the  beheaded, — while  the  Shenandoah,  the  diverter,  was 
strengthened.  By  successive  captures  of  this  kind,  the  piratical  di- 
verter has  grown,  until  it  is  now  the  largest  of  the  rivers  within  the 
valley;  and  its  headwaters  approach  the  channel  of  the  James,  which  it 
may  in  time  add  to  its  conquests.  .  .  .  The  combined  waters  are 
working  rapidly  to  reduce  the  surface  of  the  Shenandoah  Plain,  while 
the  Blue  Ridge  remains  subject  only  to  the  attacks  of  rains  and -tiny 
rills.  Adjustment  of  streams  not  only  establishes  divides  on  the 
hard  rocks,  but  also  diverts  the  waters  that  are  cutting  across  them." 

TOPOGRAPHY  OF  THE  EASTERN  PANHANDLE 

AREA. 


For  purposes  of  topographical  description,  the  eastern 
Panhandle  area  may  be  divided  into  three  divisions:  Moun- 
tain Area,  Ridge  Area,  and  Valley  Area. 

THE  MOUNTAIN  AREA.— From  Cacapon  Mountain  to 
the  wesl  is  a  scries  of  northeast-southwest  rugged  mountains 
separated  by  narrow  valleys.    The  mountain  slopes  are  gashed 
by  steep  runs  giving  .-i   very   rough   topography  which   con 
tinues  on  to  the  wesl  oi   the  area  under  discussion.     Ai   the 
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western  side  is  the  narrow  Potomac  Valley,  the  river  following 
a  northeast  course  parallel  to  the  trend  of  the  rocks,  but  in  a 
strongly  meandering  channel.  This  valley  is  bounded  on  the 
west  by  Town  Hill ;  and  on  the  east  by  Spring  Gap  Moun- 
tain, Purslane  Mountain,  and  Sideling  Hill.  The  eastern 
mountains  have  steep  and  highly  dissected  slopes  down  to  the 
river.  The  fall  from  the  top  of  the  mountains  to  the  river  is 
1220  to  1400  feet  in  a  distance  of  one  to  one  and  a  half  miles, 
which  results  in  deeply  trenched  valleys  in  these  mountain 
runs  in  the  Catskill  Red  Shales  and  soft  Red  Sandstones.  The 
erosion  is  most  active  and  the  valleys  are  really  steep-walled 
canyons  making  a  rugged  landscape  with  the  slopes  heavily 
wooded  along  the  runs.  In  the  valley  are  numerous  flat-topped 
hills  of  about  800  feet  elevation,  which  represent  the  remnants 
of  the  old  Somerville  Plain.  Another  series  of  hills  reach 
900  to  1000  feet  and  are  probably  capped  by  the  remnants  of 
the  Harrisburg  Peneplain. 

The  Baltimore  and  Ohio  Railroad  follows  close  to  the 
river  and  where  it  leaves  the  river  valley,  the  road  is  tunneled 
through  the  hills.  The  air-line  distance  in  this  valley  from 
Pawpaw  to  Lineburg  is  ten  miles ;  by  the  river  channel,  the 
distance  is  26^2  miles,  and  by  the  old  line  of  the  railroad  it  is 
IP  miles.  The  new  railroad  line  cuts  across  the  river  bend 
from  Hansrote  to  Magnolia  with  one  tunnel  and  three  river 
bridges,  joining  the  old  line  above  Pawpaw,  cutting  off  nearly 
six  miles  in  distance  and  reducing  the  length  of  line  from 
Pawpaw  to  Lineburg  to  twelve  miles,  very  nearly  the  air-linfj 
distance. 

Spring  Gap  Mountain  extends  from  Hampshire  County 
into  Morgan  for  a  distance  of  three-fourths  mile,  southeast  of 
Pawpaw.  It  is  a  level-topped  mountain  of  1800  feet  elevation, 
which  may  represent  the  old  Schooley  Peneplain,  as  this  level 
is  also  found  on  Sideling  Hill.  Its  slopes  are  steep  but  not  so 
much  cut  by  erosion  as  the  larger  mountain  to  the  north. 

Purslane  Mountain  and  Sideling  Hill  are  really  the  same 
mountain  separated  by  a  high-level  valley  of  erosion  whose 
level  at  the  north  end  is  1600  feet  and  1100  feet  at  the  south 
end.  It  is  drained  by  Rockwell  Run.  Purslane  Mountain  on 
the  west  side  of  this  valley  has  a  level  top,  1700  to  1800  feet 
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altitude,  rising  southward  to  2000  feet.  The  highest  point  is 
2008  feet,  near  the  south  line  of  the  Pawpaw  Quadrangle,  with 
peaks  at  the  north  1893  and  1988  feet.  Its  west  slope  is  deeply 
trenched  by  the  short  steep  runs  forming  very  rugged  slopes, 
while  on  the  east  slope  erosion  has  not  been  so  active.  The 
fall  of  the  slope  on  the  east  and  west  sides  is  800  feet  to  the 
mile  so  that  the  mountain  is  very  symmetrical,  but  the  numer- 
ous runs  on  the  west  are  absent  on  the  east. 

The  hard  Carboniferous  sandstone  cover  of  the  moun- 
tain extends  200  to  300  feet  lower  on  the  east  side  than  on  the 
west,  which  would  protect  the  east  slope  to  a  large  extent 
from  the  erosion  as  found  on  the  west  side,  also  the  valley  on 
the  east  side  of  the  mountain  is  200  to  300  feet  higher  than 
the  Potomac  on  the  west.  The  sandstone  debris  from  the 
mountain  extends  down  into  the  valleys  and  the  whole  moun- 
tain is  rugged  and  rocky,  with  large  sandstone  cliffs  project- 
ing, and  there  is  practically  no  tillable  land  on  the  mountain, 
so  that  it  is  unsettled  and  represents  to-day  so  much  waste 
land.  The  mountain  is  cut  by  the  deep  gap  at  the  north 
where  the  Potomac  cuts  through. 

The  valley  east  of  Sideling  Hill  is  separated  into  two 
parts  by  a  low  transverse  divide  800  to  900  feet  above  the  sea. 
This  probably  represents  the  remnants  of  the  Harrisburg 
Peneplain  which  is  also  preserved  in  the  terraces  along  the 
foot-hills  of  Sideling  Hill,  well  shown  on  the  terrace  just  west 
of  Woodmont  at  900  feet  elevation.  From  this  divide,  which 
is  five  miles  south  of  the  Potomac,  the  run  flows  south  and 
cast  to  Sleepy  Creek,  and  north  to  the  Potomac,  the  south- 
flowing  streams  being  about  one-half  as  long  as  those  to  the 
north.  From  the  greater  width  of  these  north-sloping  valleys, 
especially  well  seen  in  Long  Hollow,  the  drainage  of  a  former 
time  probably  all  (lowed  north  in  this  valley.  The  valley  con- 
tains two  northeast-southwest  ridges,  Bare  and  Road  Ridges, 
whose  level  tops  are  about  800  feet  above  the  sea,  and  are  pro- 
tected by  the  hard  Devonian  reddish  sandstone  and  conglom- 
erate of  the  Jennings  Division. 

The  cast  sid<'  of  the  valley  is  bounded  by  Tonoloway 
Kidge,  reaching  a  heighl  of  K)(X)  to  1100  feci,  capped  by  the 
Oriskany   Sandstone,  and   probably   represents  a  remnant   of 
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the  Harrisburg  Peneplain  on  this  more  resistant  sandstone. 
Its  eastern  slopes  are  almost  perpendicular  walls  to  the 
Cacapon  River.  It  is  cut  by  a  wide  gap  at  the  south  where 
the  river  passes  through,  and  by  a  gap  three-fourths  mile  wide 
at  the  north  where  the  Potomac  has  cut  through.  The  lime- 
stones under  the  sandstone  form  the  eastern  wall  of  the  river, 
while  the  western  slope  is  composed  of  Devonian  Shales.  The 
trend  of  the  ridge,  like  that  of  the  mountains  and  ridges  to 
the  west  and  east,  is  about  north  25  degrees  east. 

Cacapon  River  flows  in  a  narrow  valley  between  Tonolo- 
way  Ridge  and  Cacapon  Mountain,  keeping  close  to  the  former 
e.s  far  north  as  Rock  Ford,  then  following  the  mountain.  Its 
west  wall  is  precipitous  and  its  eastern  wall  rises  to  Cacapon 
Mountain  by  a  steep  slope,  1460  feet  in  one  and  a  fourth  miles. 
The  river  follows  a  moderately  meandering  course,  with  large 
meanders  near  the  Potomac. 

Cacapon  Mountain,  the  highest  mountain  in  the  area, 
in  reality  begins  southwest  of  Sir  Johns  Run  on  the  Potomac 
as  a  ridge  600  feet  high,  carrying  a  remnant  of  the  Harrisburg 
Plain  at  800  to  900  feet,  and  then  rises  in  four  miles  to  1545 
feet  at  Prospect  Rock.  Its  level  top  at  2000  to  2100  feet 
probably  represents  the  old  Schooley  Peneplain,  and  the 
mountain  reaches  its  highest  point  in  the  northern  area,  2196 
feet,  five  miles  southwest  of  Prospect  Rock.  It  is  2320  feet 
at  the  north  line  of  Morgan  County.  The  level  top  shows  a 
gradual  rise  of  about  100  feet  to  the  mile  southward  with  a 
width  of  nearly  one-half  mile.  It  is  capped  by  the  soft  Clinton 
Shales  from  one  mile  south  of  Prospect  Rock,  while  the  north- 
ern portion  is  mantled  by  the  hard  Medina  white  quartzitie. 
The  west  slope  is  deeply  eroded  by  deep  cross  valleys  of 
ei'osion,  while  the  east  slope  near  the  south  end  of  the  Paw- 
paw Quadrangle  in  Piney  Ridge,  a  1200-foot  shelf,  may  repre- 
sent a  remnant  of  the  Weverton  Peneplain  which  is  also  seen 
across  the  valley  on  Warm  Spring  Ridge  near  Rock  Gap. 

RIDGE  AREA. — From  Cacapon  Mountain  east  to  North 
Mountain  is  a  broad  valley  broken  by  parallel  low  ridges  fol- 
lowing the  same  course  as  the  mountain  and  of  low  altitude. 
At  the  center  of  this  broad  valley  are  two  mountain  ranges 
which    die    out   northward    four    or    five    miles    south    of    the 
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Potomac.  While  to  the  west  of  Cacapon  Mountain,  there  arc 
long  narrow  valleys  bounded  by  high  ridges  or  mountains, 
to  the  east  of  this  mountain  there  is  evidence  of  the  same 
arrangement  of  long  narrow  valleys  separated  by  parallel 
ridges  and  mountains,  but  in  this  section  Sleepy  Creek  has 
cut  here  and  there  across  these  ridges,  capturing  the  inter- 
ridge  drainage,  so  that  the  broad  drainage  area  of  this  creek 
is  carried  by  transverse  as  well  as  by  longitudinal  valleys  and 
the  old  plain  is  more  highly  dissected.  The  result  of  these 
changes  is  a  very  different  type  of  topography  to  that  west 
of  the  mountain. 

Warm  Spring  Ridge  extends  from  the  south  line  of  the 
county  to  Hancock  and  beyond  in  Maryland.  It  is  capped  by 
the  Oriskany  Sandstone,  over  much  of  the  area  snow-white 
in  color,  which  also  forms  its  eastern  slope  near  the  top  of  the 
ridge,  while  on  the  western  slope  the  limestones  are  found. 
The  ridge  is  level  topped  at  a  level  of  800  to  900  feet  above 
the  sea  to  southwest  of  Hancock  Station  and  represents  the 
Harrisburg  Plain.  At  the  south,  the  top  stands  at  1200  feet, 
possibly  on  the  old  Weverton  Peneplain.  Its  slopes,  while 
steep,  are  more  so  on  the  east  than  on  the  west,  and  the  valley 
between  this  ridge  and  Cacapon  Mountain  is  narrow  with 
steep  slopes,  and  it  is  drained  to  the  north  by  Sir  Johns  Run 
from  a  divide  at  a  level  of  940  to  950  feet,  from  which  the 
shorter  Rock  Gap  Creek  flows  south  and  east  through  a  gap  in 
the  ridge  to  Sleepy  Creek.  The  width  of  this  valley  and  the 
present  width  and  depth  of  Rock  Gap  suggest  a  drainage  of  the 
valley  to  the  south  through  the  gap  with  a  probable  reversal 
of  the  drainage  to  the  north  in  late  geological  times  by  stream 
capture.  At  the  south,  this  valley  is  drained  by  the  north- 
flowing  Indian  Run.  The  eastern  slope  of  the  ridge  is  drained 
by  the  north-flowing  Warm  Spring  Run,  a  straight  channel 
stream  to  Berkeley  Springs,  then  very  winding  to  the 
Potomac,  opposite  Hancock.  The  valley  of  this  run  at  the 
north  is  bounded  on  the  cast  by  Morse  Ridge,  a  long  level 
ridge  of  800  iVct  elevation,  on  the  old  Harrisburg  Plain.  Fur- 
ther  south  this  ridge  is  continued  in  the  form  oi  isolated  hills 

of  '>()()  feel  elevation,  DUl  erosion  has  destroyed  the  ridge  as 
a  continuous   line  in  the  (op<  >graphy. 
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East  of  Horse  Ridge  at  the  north  is  the  valley  of  Dry 
Run,  then  Pious  Ridge,  600  to  700  feet  in  elevation,  reaching 
800  feet,  east  of  Berkeley  Springs.  The  northern  portion  is 
probably  the  remnant  of  the  Somerville  Plain  and  further 
south  represents  the  Harrisburg  Plain.  The  broken  con- 
tinuations of  this  ridge  to  the  south  are  Wolf  Hill  and 
Timber  Ridge,  900  feet  elevation,  also  parts  of  the  Harrisburg 
Plain.     Sleepy  Creek  cuts  a  gap  through  Timber  Ridga 

Sleepy  Creek  lies  in  a  winding  valley  parallel  to  the  ridges, 
and  its  branches  on  the  west  have  cut  into  and  across  the 
bounding  ridges  in  transverse  valleys.  This  feature  is  illus- 
trated by  Rock  Gap  Run,  Yellow  Spring  Run,  Swim  Hollow 
Creek,  and  other  streams  unnamed.  On  the  east  at  the  south 
end  of  the  Hancock  Quadrangle,  the  stream  valley  is  bounded 
by  Highland  Ridge,  900  feet  elevation,  another  remnant  of 
the  Harrisburg  Peneplain.  The  area  between  this  ridge  and 
Sleepy  Creek  Mountain  is  drained  by  Mountain  Run,  one  of 
the  two  long  tributary  streams  from  the  east.  The  tributary 
runs  on  the  east  follow  the  direction  of  the  main  creek  valley 
and  join  it  in  the  direction  of  the  water-flow  rather  than  at 
right  angles  as  they  do  on  the  west  side.  There  is  also  a  large 
number  of  small  runs  trenching  the  ridges  and  following  short 
and  steep  courses  to  the  main  creek,  similar  to  the  short  runs 
to  the  Potomac  in  the  western  part  of  the  county  area.  The 
stream  and  ridge  topography  are  thus  similar  to  that  of  the 
mountain  area  to  the  west,  but  on  a  more  subdued  scale.  The 
Potomac  River  bluffs  at  the  north  show  the  continuation  of 
these  broken  ridges.  In  that  section,  they  are  still  further 
divided  by  deeply  cut  valley  runs  directly  tributary  to  the 
Potomac. 

Sleepy  Creek  Mountain  ranges  in  height  from  1000  feet  at 
the  north  to  1700  feet  and  reaches  a  height  of  1800  feet  toward 
the  south  end  of  the  Hancock  Quadrangle,  and  further  south 
to  the  county  line.  It  is  level-topped  and  probably  represents 
the  Schooley  Plain.  It  is  capped  by  the  hard  Carboniferous 
sandstones  and  its  crest  is  taken  as  the  county  line  between 
Morgan  and  Berkeley  southward  from  a  point  one  and  a  half 
miles  north  of  Whites  Gap.  Its  slopes  are  steep  and  rugged, 
not  cut  by  run  valleys  as  are  the  mountains  further  west. 

Meadow    Branch    Valley    to    the    east    of    Sleepy    Creek 
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Mountain  is  cut  in  the  Carboniferous  Shales.  It  is  fairly 
broad  at  the  south,  but  at  the  north  passes  between  canyon 
sandstone  walls  in  a  wildly  scenic  region  at  the  Devils  Nose 
and  to  the  north  and  south  of  that  place.  The  run  is  bordered 
in  places  by  narrow  alluvial  benches.  It  is  fed  by  numerous 
springs  and  small  tributary  short  runs,  and  it  empties  into 
Sleepy  Creek  just  beyond  the  north  end  of  the  mountain. 

Third  Hill  Mountain  forms  the  east  wall  of  Meadow 
Branch  Valley.  This  mountain  at  the  north,  known  as  Short 
Mountain,  has  a  level  top  of  1300  feet  elevation,  probably  on 
the  Weverton  Peneplain.  The  level  of  the  main  mountain  fur- 
ther south  is  1700  feet,  which  is  low  for  the  Schooley  Plain  and 
may  represent  a  minor  halt  in  that  erosive  cycle.  Pinkerton 
Knob  reaches  a  height  of  1777  feet,  not  as  high  as  the  level 
top  of  Sleepy  Creek  Mountain.  The  mountain  top  is  covered 
by  the  Carboniferous  sandstones  and  conglomerate  and  is  very 
rough  and  craggy.  Its  slopes  are  steep,  both  on  the  east  and 
on  the  west,  and  on  the  east  side  the  slope  is  deeply  cut  by 
ravines.  At  the  north  end  both  mountains  bordering  the 
valley  die  out  at  the  Meadow  Branch. 

Five  and  a  half  miles  north  of  the  Virginia  Line,  the 
Meadow  Branch  Valley  Syncline  rises  and  the  mountains  are 
united  at  the  "Locks  of  the  Mountain",  with  an  elevation  of 
1830  to  1840  feet.  South  of  this  point,  Sleepy  Creek  Mountain 
extends  south  a  short  distance  into  Virginia  with  the  same 
elevation  as  to  the  north,  but  Third  Hill  Mountain  rises 
rapidly  from  1800  to  2200  feet  and  ends  two  miles  north  of 
the  State  Line.  The  area  between  the  mountains  south  of 
the  "Locks"  is  drained  by  the  southward  flowing  Little 
Brush  Creek. 

East  of  this  mountain  area  is  the  broad  Back  Creek 
Valley,  cu1  by  low  ridges  so  dissected  by  streams  as  to  lose 
their  ridge  character  except  in  Ferrel  Ridge,  and  its  continua 
ii<m  in  Wilson  Ridge.  The  valley  west  of  Ferrel  Ridge  is 
drained  by  Tilhailce  < 'reek-  and  its  tributaries  which  form  a 
branching  drainage  network.     This  stream  follows  the  trend 

(il  the  rocks  as  a  Subsequent   stream  to  the  north  end  ol   Ferrel 

kidge,  and  then  cuts  across  the  rocks  to  Back  Creek.  At  the 
north    end    of    Back    Creek    Valley,    the    drainage    is    mainly 
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through  the  transverse  valley  of  Cherry  Run,  which  reaches 
the  Potomac  near  the  station  of  the  same  name. 

The  hill  remnants  of  an  old  sandstone  ridge  are  seen 
parallel  to  the  mountains  from  Parkhead,  Maryland,  to  the 
south,  running  three-fourths  mile  west  of  Holton,  and  the  same 
distance  wTest  of  Baxter,  three  miles  west  of  Tomahawk,  to 
the  south  end  of  the  Hancock  Quadrangle,  with  an  elevation 
of  600  feet  at  the  north  and  700  feet  at  the  south,  and  probably 
on  the  Somerville  Peneplain.  The  runs,  cutting  across  this  old 
ridge  in  transverse  valleys,  follow  longitudinal  valleys  to  the 
west  of  the  ridge,  as  shown  by  the  course  of  Big  Run  to  the 
north  of  Cherry  Run. 

Ferrel  Ridge  and  Wilson  Ridge  are  steep  sided  ridges, 
capped  by  the  Oriskany  Sandstone  and  underlying  limestones 
and  are  bordered  by  Oriskany  Sandstone.  Ferrel  Ridge 
reaches  an  elevation  of  800  feet,  the  Harrisburg  Plain,  and  it 
is  divided  by  a  longitudinal  valley,  which  is  a  branch  of 
Tilhance  Creek  Valley,  into  two  ridges  at  the  south.  It  is 
also  separated  by  two  transverse  valleys,  one  at  Tomahawk, 
and  one,  one  and  a  half  miles  north.  The  ridges  to  the  south 
of  the  Tomahawk  Valley  are  740  to  780  feet  in  elevation.  The 
hills  to  the  north  of  Ferrel  Ridge  at  Soho  are  500  feet  eleva- 
tion, and  are  probably  on  the  Somerville  Peneplain. 

East  of  Ferrel  Ridge  is  the  valley  of  the  stream  of  Back 
Creek,  bounded  on  the  east  by  the  Little  North  Mountain. 
This  valley  has  a  gradual  slope  westward  to  Ferrel  Ridge,  and 
on  the  east  is  bordered  by  the  steep  walls  of  North  Mountain. 
The  valley  is  crescentic-winding,  and  is  cut  into  the  Devonian 
Shales  with  fringes  of  alluvium  terraces  on  the  bends  of  the 
creek,  but  these  terraces  are  not  continuous.  From  near 
Shanghai  south,  the  alluvial  flats  are  larger  and  continuous. 

Little  North  Mountain  forms  the  eastern  boundary  of  the 
Back  Creek  Valley.  The  height  of  the  mountain  at  the  south 
end  of  the  Hancock  Quadrangle  is  1200  to  1260  feet  above  sea, 
and  further  south,  1400  to  1500  feet.  It  is  capped  by  the  hard 
Medina  white  quartzite,  and  it  may  at  the  north  represent  a 
portion  of  the  Weverton  Peneplain.  Near  Hedgesville,  the 
elevation  is  960  feet  and  it  is  cut  by  the  Hedgesville  Gap  to 
600  to  660  feet  above  sea.     North  of  the  gap,  the  height  is  700 
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to  800  feet,  with  one  peak  900  feet  in  elevation.  The  800-foot 
level  probably  represents  the  Harrisburg  Plain.  The  moun- 
tain is  again  broken  by  a  slight  gap  north  of  North  Mountain 
Station,  where  the  railroad  passes  through,  and  another  gap 
is  seen  one  mile  further  north  where  the  county  road  passes 
through.  These  northern  broken  portions  of  the  mountains 
are  level  topped  at  600  feet  elevation,  and  represent  portions 
of  the  Somerville  Peneplain  on  which  are  peaks  reaching  an 
elevation  of  720  to  740  feet.  At  the  Potomac  River  Gap  of 
the  mountain,  the  vertical  walls  on  the  south  are  500  to  600 
feet  in  elevation. 

Further  south,  the  mountain,  1500  feet  in  elevation,  is 
cut  by  the  shallow  Boyds  Gap  (1478  feet),  Mills  Gap  west  of 
Gerrardstown  (1083  feet),  Dutton  Gap  (1294  feet).  The 
county  roads  cross  the  mountain  southeast  of  Tomahawk  at 
1040  feet,  and  at  Boyds  Gap  and  Mills  Gap  at  1478  and  1083 
feet,  respectively. 

The  mountain  slope  on  the  west  is  composed  mainly  of 
Devonian  Shales  with  thin  belts  of  Oriskany  Sandstone  and 
Clinton  Shales  near  the  top,  and  it  is  cut  by  deep  valleys  of 
small  runs.  The  east  slope,  capped  by  the  hard  red  Medina 
Sandstone,  with  lower  slopes  of  Silurian  Shales  and  Lime- 
stones, is  steeper  than  the  west  slope,  and  is  less  cut  by 
erosion. 

GREAT  VALLEY.— East  of  the  North  Mountain  is  the 
Great  Valley;  extending  to  the  Blue  Ridge  at  Harpers  Ferry, 
northward  into  New  York  State,  and  south  to  Alabama.  In 
the  Berkeley  and  Jefferson  County  Area,  it  is  a  valley  marked 
by  low  hills  and  ridges  and  minor  small  valleys  occupied 
mostly  by  small  runs.  The  valley  floor  is  limestone  at  the 
west,  and  limestone  and  shales  eastward.  The  shale  area  is 
marked  by  rounded  hills  of  steep  slope  deeply  trenched  by 
the  small  valleys,  while  the  limestone  area  has  a  more  rolling 
topography,  with  hills  of  more  gentle  slope  giving  more 
rounded  outlines.  The  relief  varies  in  elevation  from  about 
400  to  600  feet,  hut  will  average  around  500  feet,  which  level 
represents  the  Somerville  Peneplain.  To  the  eye  where  only 
;i  hunted  area  of  the  valley  is  visible,  the  hills  seem  to  present 
no  regular  arrangemenl  ;  hut   when  the  topographical  map  is 

Studied,  these  high  points  are  found  to  OCCUr  along  northeast 
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southwest  lines  and  represent  remnants  of  ridges  which  were 
characteristic  in  the  area  to  west  of  North  Mountain.  In  that 
area  the  ridges  were  more  dissected  by  erosion  than  in  the 
ridge  area  west  of  Cacapon  Mountain,  and  in  the  Shenandoah 
Valley  as  represented  in  Berkeley  County,  the  ridges  are  still 
more  broken  by  erosion  so  that  the  ridge  character  is  nearly 
gone. 

This  limestone  valley  is  one  of  great  fertility,  an  area  of 
■valuable  farms  and  prosperous  orchards.  It  is  one  of  the  most 
important  agricultural  belts  in  the  State.  The  foot-hills  of 
the  eastern  side  of  North  Mountain,  like  those  on  the  east  side 
of  Third  Hill  Mountain,  are  covered  with  miles  of  orchards 
whose  fruit  in  color  and  flavor  is  standard  among  the  orchards 
of  the  country  and  is  shipped  to  various  parts  of  the  world. 

Except  for  Opequon  Creek,  the  streams  of  this  valley 
are  small.  Near  the  mountain  the  area  is  drained  by  Harland 
Run  and  its  long  Tulissus  Branch,  which  together  have  a 
length  of  seven  and  a  half  miles,  reaching  the  Potomac  at 
Little  Georgetown,  with  an  average  fall  of  30  feet  to  the  mile. 
The  area  west  of  Falling  Waters  is  drained  by  Falling  Waters 
Run,  but  most  of  the  northern  area  of  the  Valley  is  drained  by 
runs  of  short  length,  or  by  small  runs  fed  by  springs,  except 
after  heavy  rains.  This  Great  Valley  has  been  formed  by  the 
solution  and  erosion  of  the  limestone  and  soft  shales,  while 
the  hard  sandstones  have  protected  the  mountains  on  either 
side. 

BLUE  RIDGE.— The  Blue  Ridge  Mountains  form  the 
eastern  border  of  the  area  from  Harpers  Ferry  south.  These 
mountains  are  capped  by  hard  sandstones  and  have  a  height  of 
1000  to  1100  feet  at  the  north  and  1600  to  1700  feet  at  the  south 
lme  of  the  county.  The  western  slope  is  deeply  indented  in 
the  Harpers  Shales  and  the  topography  to  the  river  is  very 
rough.  The  slope  is  very  rocky  from  the  sandstone  debris 
that  has  rolled  from  above  and  the  stream  valleys  are  narrow 
and  deeply  cut.  The  elevation  at  the  river  is  360  to  380  feet, 
while  the  mountain  is  1600  to  1700  feet,  a  fall  of  1200  to  1300 
feet  in  a  distance  of  one  and  a  half  to  two  miles. 
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RESUME. — From  the  preceding  review  of  topography 
and  stream  development  in  the  eastern  Panhandle  Area,  it  is 
seen  that  there  is  a  great  diversity  in  the  surface  features,  but 
bound  together  by  a  unity  of  causes  of  folding,  then  repeated 
denudation  and  uplift.  The  land  sculpture  is  due  to  causes  not 
only  operative  in  the  past,  but  also  at  work  in  the  present. 
The  land  area  has  been  reduced  to  a  sea-level  plain  at  least 
four  times,  and  the  forces  of  erosion  are  now  reducing  it 
toward  another  peneplain. 

The  mountains  and  ridges,  so  characteristic  of  the  area, 
are  not  the  result  of  any  supernatural  or  cataclysmic  force  at 
some  time  in  the  far  distant  past,  but  they  have  been  carved 
out  of  an  uplifted  approximately  level  plain  sloping  seaward, 
by  the  chemical  and  mechanical  forces  of  air  and  water  which 
have  removed  the  softer  and  more  soluble  rocks  faster  than 
the  harder  ones.  The  softer  rock  areas  now  usually  form  the 
valleys,  while  the  harder  strata  have  protected  the  hills  and 
ridges. 

The  drainage  system  has  branched  into  a  network  which 
penetrates  the  remote  recesses  of  the  area.  These  three  coun- 
ties are  located  on  a  high  plain  or  plateau  cut  and  carved  until 
its  irregular  surface  has  lost  the  plain  character.  Knowing 
the  history  as  outlined  in  this  Chapter,  then  imagination  can 
fill  for  us  the  valleys  with  debris  to  the  height  of  the  level-top 
bills  and  mountains,  and  we  see  again  the  old  plain  as  restored. 

The  river,  bill,  and  dale  abound  in  the  history  of  their 
development,  so  that  he  who  runs  may  read  the  history  of  a 
continent  in  them,  a  history  ever  developing  and  widening  in 
its  scope,  and  ever  changing.  These  forms  pass  through  a  life 
cycle  from  infancy  to  old  age,  and  although  inanimate,  they 
thus  seem  to  be  endowed  with  energy  and  life.  Geography 
now  has  a  new  meaning,  and  becomes  not  merely  a  study  of 
location  of  country,  city,  and  river,  but  includes  a  study  into 
the  reason  why.  The  study  of  earth's  forms  in  this  light  of 
development  is  one  so  full  of  interest  and  profit  that  one  who 
ha    overlooked  it  has  losl  much  oi  educational  value. 
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INFLUENCE  OF  TOPOGRAPHY   ON  THE 
DEVELOPMENT  OF  THE  COUNTRY. 

The  early  settlers  of  this  country,  coming  across  the  sea, 
established  themselves  in  settlements  near  the  ocean  border, 
or  .up  the  broad  river  estuaries  on  the  Coastal  Plain.  As  they 
became  more  numerous,  they  followed  up  the  rivers  or  over 
the  lowlands  and  established  their  manors.  The  line  of  escarp- 
ment of  the  Piedmont  Plateau  at  the  Fall  Line  marked  the 
limit  of  easy  passage  for  the  boats  and  rafts  and  at  first 
marked  the  western  limit  of  settlements.  In  later  time  the 
utilization  of  the  water-power  at  this  line  led  to  the  location 
of  manufactures,  and  to  this  day  marks  the  location  of  the 
large  eastern  cities. 

In  course  of  time,  the  settlers  moved  westward  from  the 
escarpment  and  made  new  settlements  on  the  higher  Plateau, 
but  the  mountain  barrier  marked  the  wrestern  limit  for  the 
new  peoples,  and  was  named  by  them  from  its  hazy  distant 
crests  the  Blue  Ridge.  The  country  beyond  was  an  unknown 
trackless  wilderness.  The  early  Virginians  were  glad  to  make 
c.n  agreement  with  the  Indians  that  they  would  go  no  further 
than  the  mountains  in  return  for  freedom  from  molestation 
east  of  the  barrier. 

As  the  years  passed  on  and  many  people  came  to  the  new 
land  of  freedom,  they  worked  their  way  westward  at  the 
northern  end  of  the  Appalachians,  following  the  Mohawk 
Valley  nearly  two  hundred  miles  west  of  New  York  by  1775, 
l-.ut  in  a  narrow  belt  along  the  rivers.  As  early  as  1730,  there 
were  settlements  at  Easton,  Reading,  and  Lancaster,  in  Penn- 
sylvania, and  roads  were  opened  to  connect  with  Philadelphia. 
Thus  they  entered  the  upper  portion  of  the  Great  Valley  whose 
richness  of  soil  and  easy  travel  over  fairly  level  land  tempted 
the  hardy  ScotchTrish  southward  to  the  Potomac  and  beyond. 
A  main  road  was  established  from  Lancaster  to  York,  and  ex- 
tended to  the  Potomac  at  Williamsport  and  on  to  Winchester. 
As  early  as  1732  some  of  these  hardy  Pennsylvania  families 
moved  south  to  below  Winchester  and  the  town  was  estab- 
lished in  1752.  More  venturesome  pioneers  moved  further 
south  into  Nor^h  Carolina  and  later  passed  through  the  Cum- 
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berland  Gap,  establishing  settlements  in  Tennessee  and  Ken- 
tucky in  1769.  The  early  history  of  all  this  migration  was  in 
the  Valley  from  the  north  and  not  across  the  mountain  bar- 
riers, until  after  the  settlements,  when  roads  were  opened 
through  the  southern  high  gaps.  The  land  of  the  wilderness 
was  moved  further  westward,  bounded  at  first  by  the  Alle- 
ghany Mountains  and  then  rapidly  disappeared  westward. 

This  country  beyond  the  mountain  in  that  day  was  hardly 
explored  by  the  hunter  or  the  adventurer.  Its  unknown  and 
nameless  terrors  were  further  magnified  through  fact  and 
imagination.  The  Potomac  was  the  only  river  that  crossed 
this  mountain  barrier  and  it  was  not  easily  navigable.  To 
the  west  of  the  Alleghanies  down  to  the  time  of  the  War  of 
the  Revolution,  there  was  not  an  English  settlement  of  any 
extent.  Pittsburgh  was  settled  in  1773,  but  it  was  only  a 
small  collection  of  cabins.  Boone  had  just  established  himself 
and  his  party  in  Kentucky.  As  Brigham  states  in  his  book  on 
Geographic  Influence  in  American  History  (p.  87),  "the  new 
Americans  were  pressed  between  the  sea  and  the  base  of  the 
mountains,  forced  to  be  neighborly,  to  assimilate  each  other's 
ideas,  provide  for  common  defense,  and  build  up  common 
institutions."  Within  these  limits  the  people  increased  in 
strength  and  by  the  travel  from  one  part  of  the  country  to 
the  other  they  became  more  and  more  united  and  were  in  a 
position  to  fight  for  a  Union  by  the  time  of  the  great  con- 
flict for  Independence.  Had  the  mountain  barrier  been  ab- 
sent and  the  people  thereby  more  scattered  into  a  greater 
number  of  settlements,  but  less  in  size  and  more  remote  from 
one  another,  the  history  of  this  conflict  might  possibly  have 
been  quite  different. 

When  the  mountains  were  finally  crossed  by  the  wave  of 
the  new  civilization,  the  development  was  rapid  on  the  fertile 
valley  lands  into  the  Ohio  Valley  and  then  farther  and  farther 
westward.  It  was  in  the  valleys  that  the  development  came 
first,  hui  when  the  time  came  for  tin-  recognition  of  the 
mineral  wealth  of  the  mountains,  thai  country  was  developed. 
In  flue  time  the  valleys  and  foot  hill  slopes  became  the  farm- 
ing area,  and  the  mountains  were  devoted  to  mining  and 
grazing. 
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The  rivers  represented  the  first  highways  and  the  towns 
were  founded  near  the  rivers,  so  that  to-day  we  find  the  larger 
population  in  the  valleys  and  the  sparse  settlements  in  the 
mountains.  In  this  eastern  Panhandle  area,  the  larger  cities 
and  towns  are  in  the  Great  Valley  and  along  the  Potomac.  In 
the  rich  valleys  beyond  the  mountains  are  small  villages  and 
large  farms,  while  in  the  mountains  are  only  scattered  cabins 
and  most  of  the  area  there  is  unsettled.  The  main  roads  of 
t'  avel  run  north  and  south,  or  along  the  Potomac.  The  cross- 
mountain  roads  are  but  little  travelled  and  many  of  them  are 
almost  impassable  for  vehicles.  No  railroad  penetrates  these 
mountains  and  they  stand  to-day  for  the  memory  of  that  old 
Virginia  name  of  the  country  beyond  the  mountains — "The 
Wilderness." 


CHAPTER  III. 


THE  CLIMATE  OF  THE  EASTERN 
PANHANDLE  AREA. 


GENERAL  DESCRIPTION. 

Weather  refers  to  the  condition  of  the  atmosphere,  and 
is  dry  or  wet,  cold  or  warm,  cloudy  or  clear,  etc.  Climate,  on 
the  other  hand,  represents  the  average  weather  conditions 
over  a  period  of  months  or  years,  and  is  described  in  similar 
terms  to  those  of  the  weather,  dry  or  wet  climate,  cold  or 
warm  climate.  The  present  Chapter  includes  a  discussion  of 
the  climate  and  climatic  data  of  the  eastern  Panhandle  Area, 
and  it  is  based  on  the  reports  of  the  United  States  Weather 
Bureau. 

Climate  depends  very  largely  on  the  latitude  of  the  area. 
Ir  the  Tropics  is  a  tropical,  moist  climate,  while  in  the  Polar 
regions  is  an  arctic  or  frigid  climate.  The  United  States  is 
in  the  North  Temperate  Zone  where  the  climate  is  neither 
excessively  hot  nor  extremely  cold,  though  it  may  be  a  region 
of  variable  heat  and  cold  in  a  comparatively  short  space  oi 
time,  and  thus  has  a  changeable  climate.  The  southern  States 
have  a  milder  climate  than  the  more  northern  ones. 

The  climate  of  the  eastern  Panhandle  Area  is  changeable 
and  quite  variable,  but  lacks  the  very  low  temperatures  of  the 
inore  northern  States  in  winter,  and  the  extreme  and  long- 
continued  high  temperatures  of  the  more  southern  States  in 
summer,  lis  nearness  to  the  seacoast  probably  gives  it  a 
more  moist  and  equable  climate  than  the  districts  farther  in- 
terior. The  area  has  a  range  of  altitude  of  nearly  2000  feel 
which   will   also  affecl    the   climate  of  its  different   portions. 

There   will   be   lower  temperatures  recorded   On    the  mountains 

than  in  the  low  valleys  and  the  winter  snows  will  probably  be 

deeper    there    than    in    the    valleys    under    average    conditions. 
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These  mountains  and  minor  ridges  will  often  act  as  barriers  to 
storms  and  even  cold  and  hot  waves.  They  also  by  their 
obstruction  insure  changes  in  air  currents  and  probably  aid  in 
the  better  circulation  with  resultant  cool  breezes  in  summer 
at  night  so  that  the  nights  are  usually  cool  even  after  very  hot 
days.  Extreme  low  and  high  temperatures  are  exceptional. 
Below  zero  temperatures  in  winter  and  above  100  degrees  in 
summer  are  very  exceptional,  and  such  recorded  daily  maxi- 
mum and  minimum  temperatures  through  a  long  period  of 
years  can.  readily  be  counted  in  small  numbers. 

The  area  is  therefore  exceptionally  favored  in  its  average 
climate  over  many  other  districts.  Frosts  come  earlier  in  the 
spring  and  later  in  the  autumn,  so  that  the  growing  season  is 
of  good  length  and  fruit  growing  becomes  a  safer  industry. 
The  falls  even  after  the  first  frost  are  usually  clear  and  balmy 
w7ith  a  long  duration  of  Indian  Summer,  and  low  temperatures 
and  snowy,  stormy  weather  are  usually  not  noted  before 
December.  The  months  of  September  and  October  with  the 
tinge  of  frost  in  the  air  and  the  changing  hues  of  the  forests 
and  the  bracing  yet  balmy  air  are  the  most  beautiful  months 
of  the  year.  Outdoor  work  conditions  are  usually  favorable 
until  well  into  December.  As  in  other  sections,  exceptional 
conditions  of  weather  will  occur  from  time  to  time  and  an 
occasional  late  spring  frost  will  wreak  its  damage  on  fruits 
and  crops.  A  rare  and  unusual  hailstorm  will  be  recorded, 
but  becomes  prominent  by  its  very  rarity.  Heavy  snows  of 
long  duration  on  the  ground  in  winter  are  very  exceptional. 
Regions  to  the  north  and  south  will  be  under  a  heavy  cloak 
of  snow  while  this  section  shows  the  bare  ground.  The  mean 
annual  precipitation  is  high  and  there  is  an  abundant  rain- 
fall for  all  growing  crops,  though  in  some  years  the  rains  may 
be  unequally  distributed  with  troublesome  results  in  crops,  a 
feature  quite  in  keeping  with  other  parts  of  the  country. 
Heavy  and  destructive  floods  will  come  but  again  are  excep- 
tions and  thus  attract  undue  attention  when  they  occur. 

When  other  areas  are  in  the  grip  of  a  long  and  severe 
cold  wave,  this  district  is  favored  by  a  short  duration  of  the 
cold.  Severe  storms  headed  for  this  district  are  more  often 
dt-flected  to  the  east  or  west,  leaving  the  area  free  from  their 
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havoc.  Great  sleet  and  wind  storms  pass  along  the  coast  or 
up  the  Ohio  Valley,  and  this  district  knows  of  them  only 
through  the  daily  press. 

Elevation  above  sea  is  an  important  climatic  factor.  The 
average  elevation  of  the  State  of  West  Virginia  is  about  1,500 
feet  above  sea-level,  and  it  ranges  from  260  at  Harpers  Ferry 
to  4,860  feet  on  Spruce  Knob  in  Pendleton  County.  The 
average  elevation  of  the  eastern  Panhandle  is  about  500  to 
600  feet  in  the  eastern  portion,  and  probably  800  feet  in  the 
western  part.  By  altitude  the  climate  should  be  very  similar 
to  that  of  the  Ohio  Valley,  but  the  climate  seems  to  be  much 
milder  and  its  snowfall  is  less. 

The  mean  annual  temperature  of  the  Ohio  Valley  is  about 
57  degrees  at  Wheeling,  and  53.9  degrees  at  Parkersburg.  At 
Morgan  town,  it  is  52.8  degrees  ;  at  Grafton,  52.6 ;  at  Terra  Alta, 
49.5 ;  at  Point  Pleasant,  56 ;  and  at  Martinsburg,  it  is  52.7 
degrees.  The  mean  annual  temperature  of  the  whole  State  is 
52.3  degrees.  This  temperature  is  quite  uniform  in  the  Great 
Valley  north  to  Harrisburg,  but  is  higher  to  the  south.  At 
Harrisburg,  it  is  52.9  degrees ;  at  Clear  Spring-,  Maryland,  it 
is  52;  and  passing  to  the  south  to  Staunton,  Virginia,  it  is  54 
degrees. 

Comparing  the  rainfall  of  the  State,  the  average  is  42 
inches.  The  rainfall  yearly  average  at  Morgantown  is  44.56 
inches;  at  Grafton,  44.8;  at  Point  Pleasant,  42.9;  at  Parker 
burg,  39.59;  at  Wheeling,  37.38;  while  at  Martinsburg-,  it  is 
36.86,  and  37.4  inches  at  Harpers  Ferry.  Going  north  in  the 
Valley,  the  average  yearly  rainfall  at  Harrisburg  is  34  inches. 
At  Marion,  Pennsylvania,  it  is  39.2  inches;  and  at  Clear  Spring, 
Maryland,  it  is  38  inches;  and  at  Staunton,  Virginia,  it  is  40.6 
inches.  The  rainfall  at  Martinsburg  thus  appears  to  be  aboul 
the  same  as  at  Wheeling,  but  less  than  to  the  north  and  south 
in  the  Valley,  (hough  greater  than  at  Harrisburg. 

The  counties  of  Morgan,  Berkeley,  and  Jefferson  are 
located  in  the  eastern  Panhandle  Area  of  West  Virginia, 
within  latitude  of  39°  7'  and  39°  43',  and  longitude  77°  45'  and 

'.(>'.  The  length  of  the  area  along  the  southern  border  is 
44  miles,  its  average  width  ai  righl  angles  to  the  southern 
line  is  aboul  20  miles,  and  the  area  is  768.45  square  miles.    The 
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elevation  varies  from  260  feet  at  Harpers  Fer^,  the  lowest 
point  in  the  State,  to  2300  feet  on  Cacapon  Mountain. 

The  United  States  Weather  Bureau  of  Washington  has 
been  in  existence  over  40  years.  Stations  are  maintained  over 
the  United  States  where  trained  observers  are  daily  recording 
temperatures,  rainfall,  and  other  weather  data,  and  these 
reports  are  published  monthly,  and  annually,  by  States,  with 
appropriate  discussions  of  climatic  and  weather  data.  Daily 
weather  predictions  are  issued  which  are  posted  in  conspicu- 
ous places  and  published  in  the  daily  press,  with  storm  warn- 
ings issued  along  the  coast  for  protection  of  these  coasts  and 
shipping.  Mistakes  occur  in  these  predictions  from  time  to 
time,  resulting  in  criticisms  of  the  service,  but  the  average  pre- 
dictions come  very  close  to  the  actual  results  and  great  saving 
of  life  and  property  is  the  result.  With  the  gradual  accumu- 
lation of  data  and  extensions  of  service  and  the  added  experi- 
ence of  the  years,  the  service  becomes  more  complete  and 
more  accurate.  It  is  a  great  work  filled  with  practical  and 
scientific  results. 

In  West  Virginia,  there  is  a  central  office  at  Parkersburg, 
with  a  Government  Section  Director  (Mr.  H.  C.  Howe)  in 
charge.  Volunteer  observation  stations  are  scattered  over 
the  State  from  which  observations  are  daily  made  and  sent  to 
the  central  office  at  Parkersburg.  This  office  then  reports  to 
the  main  office  at  Washington,  and  so  on  from  the  different 
States.  There  are  25  stations  in  the  eastern  and  northern  por- 
tions of  the  State  and  19  in  the  southeni  part,  or  a  total  of  44 
stations,  with  a  number  of  others  where  rainfall  only  is  mea- 
sured, making  a  total  in  the  State  of  69  complete  and  incom- 
plete data  stations. 

In  the  eastern  Panhandle  Area,  there  is  only  one  com- 
plete data  station,  which  is  located  at  Martinsburg,  where  Mr. 
George  W.  VanMetre  has  made  a  complete  series  of  records 
for  the  past  twenty-five  years.  There  is  also  a  river  observer 
at  Harpers  Ferry,  S.  W.  Lightner,  but  only  the  rainfall  is 
recorded  for  weather  data.  It  would  be  of  much  interest  if 
stations  could  have  been  maintained  at  Berkeley  Springs, 
Charlestown,  and  Harpers  Ferry. 
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In  1904  in  the  Annual  Report  of  the  Weather  Bureau  for 
the  State  of  West  Virginia,  Mr.  E.  C.  Vose,  who  was  at  that 
time  Section  Director,  gave  a  general  description  of  the  climate 
vi  the  State,  which  contains  some  very  interesting  data,  a  por- 
tion of  which  is  here  reprinted : 

"The  mean  annual  range  of  temperature  over  the  State  is  from  6  to  8 
degrees,  the  temperature  being  highest  in  the  southwest  portion  and 
lowest  over  the  mountains.  The  mean  annual  range  of  precipitation 
is  from  15  to  20  inches,  the  precipitation  being  greatest  over  the 
mountains  (due  to  the  greatest  amount  of  snow  that  falls  there)  and 
the  least  over  the  eastern  Panhandle  and  extreme  southern  portions. 
The  winter  mean  temperature  of  the  western  border,  and  the  eastern 
Panhandle  counties  is  from  31  -to  34  degrees;  the  spring  mean,  51  to 
53  degrees;  the  summer  mean  is  74  degrees,  and  the  fall  mean  is  55 
degrees.  The  winter  and  spring  precipitation  averages  about  10 
inches;  the  summer,  from  10  to  13  inches,  and  the  fall  from  7  to  8 
inches.  The  extreme  range  of  temperature  is  142  degrees,  the  highest 
ever  recorded  being  107  degrees,  and  the  lowest  35  degrees  below  zero. 
The  average  amount  of  sunshine  for  the  State  is  about  50  per  cent.,  and 
the  prevailing  direction  of  the  wind  is  from  south  to  west. 

"The  features  of  the  weather  that  contribute  to  a  successful  crop 
growing  season  are  numerous,  but  among  them  may  be  mentioned  the 
following:  sufficient  rain  in  October  and  November  to  germinate 
wheat  and  rye,  and  to  get  them  well  stooled  and  rooted,  and  then 
ample  snow  protection  during  the  winter;  just  enough  rain  in  April 
to  soften  the  soil  so  that  plowing  can  be  done;  a  May  that  is  warm 
and  pleasant,  but  with  enough  moisture  to  germinate  the  crops,  and 
a  summer  season  that  has  ample  warmth  and  moisture. 

"On  the  other  hand,  the  features  of  a  season  that  are  unfavorable 
and  that  tend  to  the  failure  of  the  staple  crops  are  drouth,  accom- 
panied by  very  hot  weather  in  the  fall,  so  that  wheat,  rye,  and  fall 
sown  oats  will  not  germinate;  then  sudden  changes  in  the  tempera- 
ture during  the  winter,  accompanied  by  frequent  periods  of  hard 
freezing  and  thawing  weather  with  but  little  snow  on  the  ground,  which 
condition  tends  to  winter  kill  these  grains;  excessive  rains  in  April 
and  during  the  summer  months,  thus  preventing  the  completion  of 
plowing  and  sowing,  badly  washing  growing  crops  and  seriously  dam- 
aging  hay  and  main  during  harvest;   drouths  in  May  and  September 

cially,  and  also  during  the  summer,  these  being  accompanied  by 

periods  of  extreme  heat,  thus  drying  up  and  withering  the  growing 

"id])-;    abnormally  low  temperatures   during  June,   July   and    August, 

h    prevenl    rapid  growth,  and  killing  frost  earlier  and  later  than 

the  average  dates  in   May  and   September." 

The  different  Weather  Bureau  Stations  in  the  State  are 
equipped  with  standard  instruments  for  the  taking  of  weather 
data,  and  include  self-registering  maximum  and  minimum 
thermometers,  rain  gauge,  and  proper  instrument  shelter.    Mr. 

e  thus  describes  these  instruments  in  the  article  above 
quoted  : 
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"The  maximum  thermometer  is  always  filled  with  mercury,  some- 
times called  quicksilver.  Its  difference  from  an  ordinary  thermometer 
is  that  there  is  a  constriction  in  the  glass  tube,  just  above  the  bulb, 
which  prevents  the  mercury  from  going  into  the  bulb  when  the  tem- 
perature falls.  When  the  temperature  rises,  however,  the  expansion 
forces  the  mercury  through  this  stricture,  and  so  it  always  shows 
the  highest  point  reached  for  any  time,  or  until  set.  This  thermometer 
is  set  by  whirling  it  vigorously. 

"The  minimum  thermometer,  as  used  by  the  Weather  Bureau,  is 
always  filled  with  alcohol,  and  it  is  therefore  easily  distinguished 
from  mercurial  thermometers.  Alcohol  is  used  instead  of  mercury, 
because  mercury  congeals  at  about  40  degrees  below  zero,  and  in 
some  places  in  the  Dakotas  and  Montana  a  lower  temperature  than 
that  even  is  reached.  Besides  the  alcohol,  there  is  also  in  the  tube  a 
little  black  object  called  the  index,  and  this  is  the  prime  character- 
istic by  which  the  thermometer  is  distinguished  from  all  others. 
When  the  temperature  of  the  air  falls,  the  weight  of  the  little  steel 
index  is  so  slight  that  the  liquid  contracting  in  the  tube  does  not 
separate  and  leave  the  index  up,  but  drags  it  back.  When  the  tem- 
perature again  rises,  the  expanding  fluid  passes  freely  by  the  index, 
and  its  upper  end  remains  at  the  point  of  lowest  temperature.  The 
thermometer  is  set  by  raising  the  bulb  end  slightly  so  that  the  index 
may  move  gently  to  the  top  of  the  column.  This  thermometer  can 
also  be  used  as  an  ordinary  thermometer  as  well  as  a  minimum,  as 
the  current  temperature  is  always  recorded  by  the  head  of  the  al- 
coholic column. 

"The  rain-gauge  consists  of  a  galvanized  can  about  three  feet 
high  and  eight  inches  in  diameter,  on  the  top  of  which  a  receiver  is 
placed  to  catch  the  rain  and  to  carry  it  to  the  measuring  tube.  If  the 
rainfall  should  be  very  heavy,  and  the  tube  be  filled,  the  water  will  run 
over  into  the  can,  and  then  it  can  be  measured  by  emptying  into  the 
tube,  after  that  already  in  the  tube  has  been  measured.  The  diameter 
of  the  measuring  tube  is  much  smaller  than  the  receiving  tube,  and 
rain  in  consequence  fills  the  measuring  tube  to  a  much  greater  extent 
than  the  actual  rainfall.  In  fact  it  is  magnified  just  ten  times.  This 
is  so  as  to  make  it  easier  to  measure,  as  light  rainfalls  occur  more 
frequently  than  heavy.  The  reading  is  always  recorded  in  tenths  just 
the  same  as  it  registers  on  the  measuring  stick. 

"The  purpose  of  taking  temperature  readings  is  to  record  the 
real  temperature  of  free  air,  not,  however,  open  to  the  sky  and  in  the 
direct  rays  of  the  sun.  In  order  to  get  the  proper  exposure,  it  is 
necessary  to  use  a  thermometer  shelter.  This  is  nothing  more  than 
a  box  with  louvered  sides  made  in  such  a  way  that  the  air  can  move 
through  it  with  the  greatest  possible  freedom.  This  is  an  essential 
condition  in  the  thermometer  exposure.  The  object  of  the  box  or 
shelter  is  simply  to  screen  off  the  direct  and  reflected  sunshine,  and 
the  radiation  to  and  from  the  sky,  and  to  keep  the  thermometers 
dry.     The  shelter  is  generally  raised  about  four  feet  above  the  ground." 

The  following  discussion  of  the  weather  and  climate  in  the 
eastern  Panhandle  Area  is  based  on  the  reports  of  the  U.  S. 
Weather  Bureau  as  made  at  Martinsburg  and  the  rainfall  data 
as  recorded  at  Harpers  Ferry. 
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TEMPERATURE. 

In  Table  I,  the  mean  monthly  and  annual  temperatures  at 
Martinsburg  are  brought  together,  and  a  study  of  the  table 
shows  some  very  interesting  facts.  The  lowest  mean  annual 
temperature  was  49.7  degrees  in  1904,  which  year  also  recorded 
the  lowest  mean  at  Parkersburg  (52.3°).  The  mean  annual 
temperature  at  Martinsburg  for  this  long  interval  of  observa- 
tions is  52.7  degrees,  and  at  Parkersburg,  53.9  degrees. 

The  coldest  month  in  the  year,  according  to  these  twenty- 
lour  year  records,  is  February,  with  an  average  of  29.8  degrees. 
The  coldest  average  monthly  temperature  recorded  in  this 
period  of  time  was  January,  1912,  with  an  average  of  21.6  de- 
grees, and  the  highest  average  monthly  temperature  recorded 
was  78.2  degrees  in  July,  1911.  The  average  winter  mean  tem- 
perature is  30.8° ;  spring,  51.9°  ;  summer,  73.0° ;  and  fall,  54.7°. 
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Table  I. — Mean  Monthly  and  Annual  Temperature  at  Martins- 
burg  for  24  Years. 


Year. 

1=1 

1-5 

Feb. 
Mar. 

< 

Pi 
1-5 

July 
Aug. 

4-i 
ft 

CD 

m 

O 

> 
0 

CD 
P 

Pi 
Pi 
< 

1892    

1893    

33.2|36.5[37.8|53.0 
23.4|31.8|40.4j51.5 
37.1]31.8|45.3|50.7 
26.4122.8139  5152.1 

65.7 
60.2 
64.4 
61.0 
66.4 
60.4 
62.3 
63.3 
63.0 
61.2 
64.6 
63  0 

76. 6|77.2|76.5|68. 0  57.8 
71.0I74.6|72.2|64.0|52.9 

46.5  35.155.1 
!39. 6137,2151. 6 

1894    

70.0)75. 7)71. 2I69.1|56.0|41.3|'33.8|53. 9 

1895    

72.2)70.7)74.0  69.0  49. 2)43. 7)35.2151.3 

1896    

31.2 
28.7 
35.5 

31.4 
23.0 
29.2 
21.9 
28.0 
37.2 
32.8 
29.9 
31.7 
29.2 
34.8 
21.6 
38.4 
34.0 
31.9 
35.7 

32.8|32.0|56.2 
34.643.450.6 
32.3  47.2  48.3 

69.8|74.5|73.6|66.2|52.4|47.9|33.4|53.0 

1897  .,. 

1898    

68.4)76. 1)71. 5)66. 9156. 9|42. 8)36. 1|53  0 
71.6176. 8)74.2)67. 9J54.4|41  9J32.6|53.8 
72. 4)74.9j73.2)64.6|54.8[43. 4]34. 6|52  8 
71.6)77.0)77. 6|71.3'|59.7|46.8j33.2]54.2 
70.1)78. 0)73. 5)63. 6)52. 9|37.6i29.8l51. 2 

1901    

28.5|39.5 
29.4|35.6 
26.6J41.2 

52.8 
52.1 
48  3 

1902 

24.3)43.0 

32.447.5 
23.2|38.6 
22.8|42.6 
30.6)34.0 

24.1  44.7 

50.1 
49  3 

69.4)75.2170. 6|64.0|55.4I48. 0)30.8)52. 2 

1903    

65.2173.5  69.8)64.2 54.1j38.3|28. 2)51  2 

1904    

47.0 

63  2 

70.3173.6171  5'66. 2153.3140. 2I2Y.7I49. 7 

1905    

1906    

51. 8)64. 7)70. 6)75. 4173. 2)65. 0|54.2|41.0)34.5|52  0 
53. 1|63. 6)71, 8)74.4  74, 7)69.4)53. 0)43. 8|31.3J53.1 

1907    

45.2|57.2!65.5|74.Oj70.2|66.0|50.6j40.6|33.4!50.4 
53.8163.4171.4177.2171. 8164.6154. 2142.2135.1152. 8 

1908    

25.2J45.1 

1909    

39.7|39.7|51.1|61-8!72.1  76.5|71.8j66.2|49.9  47.9|29.8I53,2 

1910    

1911    

1912    

29.8|49..0|55.0|61.7J68,8  77.2|73.0  69.1  56.9|39.0|27.4J53.0 
34.8138. 6|49. 6  69.9J72. 8|78.2|75.2|68.3 155. 0  40.9  38.2  54.7 
27.3|38.4|53. 8  65.7j70.2|75.3|71. 8)69.1(56. 1|44.8]35.1|52. 4 
33. 2)46.0)54. 2)63. 5173.0)75. 8)73.4)64. 6|55.8J45.2|37. 8)55  1 
25.2|37.4|50.8|66.2)73.8|75.4|74  6|64.2)58.2]42.6|29.2|52.6 

1913    

1914    

1915    

1916          

35.5|37.6|58.0|60. 9|70.2|76.0|72. 3)69.2)56. 6)43.4|32. 6)53. 7 

I'l                                   II                                   1 

Average    Mean 
Temperature    . .  . 

30.7 

29. 8|41.0|51.6|63.2)70. 8)75. 5)72. 9j66.6!54.6|42. 9)33.0 

52.7 

A  graphic  outline  by  means  of  a  curve  plotted  according 
to  range  of  temperatures  and  years  gives  to  the  eye  a  clear 
conception  of  the  annual  fluctuations  of  temperature.  Figure 
7  shows  in  this  graphic  form  the  variations  in  mean  annual 
temperature  at  Martinsburg  for  a  period  of  24  years.  The 
straight  line  represents  the  mean  or  average  annual  tempera- 
ture for  this  period  of  years,  and  it  is  seen  that  the  curve  varies 
greatly  from  this  line. 
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Figure  7. 
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Figure  8  shows  in  like  manner  the  mean  monthly  temper- 
ature at  Martinsburg  for  24  years : 
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Figure  8.     Diagram  showing  the  Mean  Monthly  Temperature  at  Mar- 
tinsburg  for  24  years. 

Tables  II-A  and  II-B  show  the  maximum  and  minimum 
recorded  temperatures  as  taken  by  maximum  and  minimum 
thermometers  at  Martinsburg  for  twenty-four  years.  The 
highest  temperature  recorded  on  any  day  in  this  long  period 
was  104  degrees  in  July,  1900.  Recorded  maximum  tempera- 
tures of  100  degrees  and  over  arc  rare  in  this  area,  and  in  the 
24  years'  records  only  twenty  are  found,  and  only  eight  passed 
101  degrees.  The  maximum  temperatures  ranged  from  100  to 
104  degrees  and  were  recorded  in  the  following  months:    July. 

:  July  and  August,  1(XX);  July.  1()02;  July,  L908;  June 
and  July,  and  August,  1911  ;  July,  Y)\2\  July.  1013;  July  and 
Vugust,  1914. 
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The  lowest  recorded  temperature  any  day  in  the  24  years 
was  19  degrees  below  zero  in  January,  1912,  and  the  next 
lowest  was  12  below  in  January,  1904.  Below  zero  tempera- 
tures are  recorded  in  the  months  of  December,  January,  and 
February.  In  December,  below  zero  temperatures  were  re- 
corded four  years  of  the  24;  in  January,  five  years;  in  Feb- 
ruary, six  years,  so  that  very  low  temperatures  in  this  area 
are  exceptional. 

Table   II-A. — Maximum   and   Minimum    Recorded   Tempera- 
tures at  Martinsburg  for  24  Years. 


Year. 


| January 
IMaxIMin 


|   Febr'y  ||  March    | 

IMaxIMin  [IMaxIMin  I 


April     | 
MaxIMinl 


May 
MaxIMinl 


June 

Max I  Min 


1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 


57 
56 
65 
49 
60 
63 
59 
56 
62 
60 
54 
54 
49 
64 
70 
62 
55 
62 
54 
69 
53 
65 
62 
51 
72 


-2 

14 

-2 
5 
3 

15 
5 
9 
8 
7 
5 
-12 

-1 
8 
5 
6 
3 
6 

12 
-19 

17 
4 

14 
3 


54 
60 
56 
53 
60 
55 
62 
55 
57 
56 
56 
66 
63 
45 
60 
56 
55 
68 
58 
66 
57 
69 
50 
62 


-3.; 

4 

3 
-3 

3 
11 

1 
-13 

3 
10 

0 
-6 
-1 

0 

4 
-10 

0 
15 

6 
18 

3 
10 

0 
15 


|  60 
|  69 

I  81 
|  69 

I  70 

i  75 
|  82 

j  76 

|  66 

I  74 

|  76 

|  76 

|  77 

|  83 

62 

90 

82 

59 

84 

75 

71 

80 

77 

59 


19  || 

16  || 

18  (j 

19  |j 
-1  || 

20  || 
22  || 
16  || 

2  II 

6  II 

15  || 
22  || 

16  I 

17  1 1 
16  || 
14  || 
22  || 
23 

25. || 

10  || 

16  || 

13  || 

13  || 

21  II 


81 
88 
81 
88 
93 
89 
81 
84 
79 
83 
91 
86 
80 
80 
86 
82 
87 
86 
91 
82 
83 
91 
84 
94 


31 

32 
24 
30 
26 
26 
21 
24 
28 
31 
30 
22 
25 
25 
27 
19 
26 
21 
35 
21 
28 
31 
25 
23 


90 
90 
86 
96 
93 
83 
89 
92 
94 
87 
93 
90 
93 
91 
94 
88 
92 
91 
91 
98 
94 
95 
97 
82 


47 
39 
39 
36 
41 
40 
33 
42 
35 
40 
38 
31 
39 
39 
34 
32 
36 
33 
34 
36 
37 
33 
38 
39 


l|  93 

1 1  95 

'  95 

96 

9] 

90 

99 

94 

93 

95 

98 

86 

94 

91 

96 

92 

98 

94 

I  95 

J101 

|  94 

|  99 

|  99 

I  94 


60 
54 
42 
50 
48 
41 
50 
51 
50 
46 
44 
46 
46 
45 
50 
44 
48 
52 
45 
53 
42 
41 
46 
49 


„.  .   t   _  ||  72  |-19 
Highest  and 

Lowest 

Recorded  [1912 

Temperature  11191  gi 


69 


13 


90 


|1899|| 
19131         [11907 


-1   ||   94 

1896l| 

i|1915 


19  ||   98 

1907H 


[1911 


31  ||101 

II 
190311 

111911 


41 
1897 
1913 
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Table    II-B. — Maximum    and    Minimum    Recorded    Tempera- 
tures at  Martinsburg  for  24  Years  (Continued). 


Year. 


1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 


j|  July 
[|Max|  Min 
]|"98.5|  "58" 
|l  95  |  53 
||  98  |  50 
49 
53 
56 
52 
52 
52 
60 
53 
50 
49 
55 
55 
50 
54 
50 
55 
54 
52 
53 
50 
54 


|  August  I 
iMaxIMinl 


|  95 
j  95 
|  95 
1103 
|  97 
|104 
j  99 
|102 
|  97 
I  97 
|  96 
|  96 
|  93 
|100 
|  96 
|  98 
|102 
j  100 
|102 
||100 
I  97 


|  95 
|  93 
|  93 
|  96 
|  96 
|  92 
|  92 
|  95 
1 100 
|  90 
I  90 
|  99 
|  95 
|  92 
|  92 
|  92 
I  98 
I  98 
|  95 
|102 
|  94 
|  99 
niOO 
il  93 


xt-  v.     4.      *   11104  I  49  11102 
Highest  and  I 

Lowest 

Recorded    |jl900  jlS95|jl911 

Temperatun      1190411 


63 

50 

51 

50 

46 

54 

59 

50 

54 

50 

47 

49 

45 

49 

60 

50 

50 

49 

46 

51 

47 

51 

52 

50 


Septern  r| 
MaxjMin 

|~85— 
88 


October  | 

IMaxiMini 


Noveru'rj 
Max!  Min 


|  Decem'r 

I Max I  Min 


93 

95 

93 

98 

94 

94 

95 

89 

95 

88 

93 

87 

91 

89 

85 

83 

95 

89 

93 

94 

96 

95 


45  ||  98 

II 
1904']1897 

II 


51 
34 

42 

42 

39  I 

36 

42 

37 

40 

40 

37 

35 

34 

38 

44 

39 

32 

40 

43 

42 

42 

31 

36 

39 


I  »1 

82 

|  84 

|  77 

73 

90 

|  82 

76 

j  85 

79 

80 

80 

|  89 

|  86 

|  78 

|  78 

|  80 

|  77 

|  88 

|  83 

|  85 

|  76 

l|  84 

I  83 


37 

25 
33 

23 

29  I 

31 

26 

29 

31 

29 

27 

31 

25 

28 

26 

24 

30 

27 

27 

32 

32 

24 

32 

31 


70 
60 

68 

II  ™ 

76 

I  71 
j  66 

j  70 

I  75 
j  66 

I  ?5 
|  73 
|  67 
|  67 
|  62 
|  62 
|  79 
I  76 
|  66 
|  69 

I  75 
|  74 

II  78 
I   79 


31  ||   90  |  23  ||  79 
||1895 

3j|1897|1895||1908 

II         I  111915 


26 

!« 

20 

21 

25   | 

20 

20 

23 

21 

17 

22 

15 

18 

18 

21 

21 

2 
26 
19 
18 
22 
25 

17 
23 


65 
70 
52 
65 
64 
69 
63 
63 
57 
66 
54 
49 
51 
56 
65 
63 
64 
57 
44 
67 
70 


11 

19 

20 

-2 

8 

9 

-1 

3 

10 

2 

9 

8 

-1 

10 

9 

12 

18 

6 

0 

19 

7 


63  |  20 
60  |  -4 
58   |  19 


70 


-4 


1908||1893[1914 
111912! 


The  preceding'  two  tables  show  the  extremes  of  recorded 
daily  temperature,  while  Tables  III-A  and  III-B  show  the 
average  maximum  and  minimum  monthly  temperatures  for  the 
twenty-four  year  period  at  Martinsburg.  The  highest  average 
monthly  maximum  temperature  was  92.4  degrees  in  July,  1911  ; 
ain I  the  coldest  monthly  temperature  was  11.7  degrees  in 
January,  1904.  The  average  monthly  range  of  temperature 
'lining  this  24-year  period  was: 


Januarj    ...  .17.8 
February    ...  18. l 

March    20.8 

April     24.3 


May     25.5 

June    23 . 6 

July    23.5 

August     23.2 


September  .  .24.7 

October    22.6 

November    .  .21.2 
December  . . .16.3 
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The  variation  in  monthly  temperature  is  seen  to  be  the 
least  in  the  month  of  December,  and  greatest  in  May. 

Table    III-A.  —  Monthly    Average    Maximum   and    Minimum 
Temperatures  for  24^4  Years  at  Martinsburg. 


Year. 

-  j|  January  ]|   Febr'y  | 

March    |      April 

May           June 

]  (Max 

MinjjMax|Min| 

Max[Min|]Max[Minj 

Max]Min[|Max|  Min 

1892    

-||-44 

22.4||  46    |  27    | 

45. 9|  29.7[|  62    |  42    | 

75.5|56    ||  86.3|  69 

1893    

.  |32.1 

14.1|  41.3  22.7 

50.6)  30.3||  62.7|  40. 6| 

72    |  49    ||  81.5  60.5 

1894    

.||44.5 

29.8||  44. 7|  23    | 

57.3|  33.3||  63.2|  38.3| 

75    j  53    ||  81    j  58 

1895    ..... 

.||35 

16    ||  33    |  13    | 

50     |  29     1)  64    |  40     | 

73    |  50    ||  84    |  60 

1896    

.||38 

24    ||  41    |  24.5| 

44.5|  23     ||  67     |  44     | 

77.3|55     |l  79.5|  59.4 

1897    

'.37.2 

20.1l|  42.1|  28    | 

54. 6|  32.1||  64    j  37    | 

72     |  48     ||  79     |  56 

1898    

.||43 

27    ||  42    |  22    | 

57    |  37    ||59    |  37    | 

73     |  51     ||  84     |  58 

1899    

•II39 

22    ||  31    |  15    j 

48    |  31    1|  66    |  39    | 

75    |  51    ||  83    |  62 

1900    

.||37 

24    ||  21    |  21    | 

45    |  29    ||  63    ]  40    1 

79    |  48    ||  82    |  60 

1901    ..... 

•II40 

23    ||35.2|18    | 

51.7|30.8||57.6|  39    | 

72. 8|  49.611  82. 6|  57.6 

1902    

.||38.5 

19.5||33.3|15.3| 

55.4|  30.6||  63.1|  37.1| 

82. 5|  49.9||  84.4|  54.3 

1903    

-||37.4 

21.7||  43.71  21.11 

58.3)  36.7|[  60.7|  37. 9| 

78.1|  47.9||  75.8)  54.5 

1904    

.||32.1 

11.7||33.6|  13    | 

49.5|  27.6||  58.1|  35.8| 

77.11  49.8||  81. 7)  58.9 

1905    

.||36.6 

19.2JJ  31. 8j  13.9| 

54    |  31.3||  65.8|  37.8] 

77.9)51.5)1  82.1)59.2 

1906    

.  ||45.8 

28.5||  43.2|  18.1| 

41.5|  26.5(|  67    |  39.3) 

77.8|  49.5)1  84    ]  59.6 

1907    

.||42.4 

23.1||34.6|  13.61 

56.6!  32.8|j  57.7|  32. 8| 

69.9)  44.5||  77.2)  53.8 

1908    

.||39.3 

20.5||35    |  15. 4| 

56.1|  34.1||  67.31  40.3| 

73. 7|  53.1||  84.1|  58.7 

1909    

.||40.4 

23    ||50.2|29.2| 

49.6|  29.811  62.8|  39.31 

74.6|  49.1||  83.2|  61.1 

1910    

.  |  J37.3 

21. 2||  39.1|  20.511  62     |  35.9||  68    ]  42.1| 

75.3|48.1||  79.8]  57.8 

1911    

.  [144.0 

25.7||43.2|  26.5| 

49.8|  27.51)  61.4)37.9) 

85.31  54.5!|  85. 8]  59.9 

1912    

.|  29.8 

13.5||35.5|  19. 1| 

48.0)  28.7||  65.3|  42.4||  79. 2|  52.2||  83. 6|  56.9 

1913    

.||58.6 

28.2]|  42. 9|23.6| 

57.41  34.5||  66.1|  42. 4| 

76.8|  50.2[|  86.1]  59.8 

1914    

.42.0 

26.1]|  33. 9|  16.4) 

46. 9|  28.0|J  63.0|  38.7| 

80.1|  52.3||  87.5|  60.2 

1915    

. ||39.6 

24.2||  44.3|26.7| 

47.7|  27.4||  72.7|  43.2| 

72.4|49.4||  82.4|  57.9 

1916    

]|45.9 
3j|39.98l 

25.511 | 1 

1 |l | | 

| |l 1 

22.2||  38.4)  20.3)1 

Averag 

51. 5|  30.7))   63.6]  39.3) 

76.0J  50.5||  82.5  |58.9 

Table    III-B.  —  Monthly    Average    Maximum    and    Minimum 
Temperatures  for  24*4  Years  at  Martinsburg  (Continued). 


Year. 


1897 
1898 
1899 
1900 
1901 
1902 


July      |  August 

|Max|Min  |Max[Minl 


1892  ||  86.4)  68    ||  85    |  68 

1893  ]|  90.5)  62.3||  83.6)  61 

1894  ||  87    |  64    [j  83    |  61 

1895  ..||82    |  59    ||  87 

1896  ||  84.6J  66.3H  86 


80  |65.5||84 
83  |  66  ||  84 
86    j  63    ||  85 

88    j  64    |j  89 
I  88.51  67.511  84 


61 

61.41 
59  | 
64 

61  ! 
66  j 
63 


Septem'r| 

Max]  Min) 
~~59~11 


October  || 
MaxiMinl 


Novem'r) 
MaxIMini 


Decem'r 

Max |  Min 


77    | 

|  74.4| 

I  79     | 

'85    | 

79. 3| 

82    | 

80     | 

77    | 

83 


53.6) 
57  | 
53  | 
53.2| 
51  I 
55  | 
51  | 
60    | 


1.71  62.711  84.51  56.71 


75.9]  51.21 
79    |  49    j 


68. 9|  46.7|| 
63.8)  41.8) 

67  | 44  | 
64  | 35  | 
61  |  40.7| 
68. 6|  45.5) 
64    [49    | 

68  |  43  | 
71  |  48  j 
67.3|  38.5| 
67.9|  42.81 


56. 9|  36.2| 
49    |  30.3| 


51 
54 
59 
53 
51 
53 
56 


31  | 
33     | 

36  | 
27    [ 

32  | 
33.9| 
38    I 


47.9|27.4| 
59.7|  36.4| 


43.8]  26.5 
46.7|  27.8 
40    |  27 
43    |  24 
41.6]  33.3 

43  |  29 
40    |  25 

44  |  25 
42    |  24 
39. 5|  20.1 
38.4|  23.3 
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Year. 


July 

iMaxI  Min  I 


Aug 
Max  I 


ust 

Min 


jSeptem'rJ 

MaxIMini 


October 

MaxIMini 


Novem'r  j 

MaxIMini 


Decem'r 

Maxl  Min 


1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 


.||  87.1 
,||86.1 
|| 88.5 
.||  85.8 
|j  86.7 
||  90.1 
||  92  | 
j|  89. 7| 
-Ij  92.4|  64.1 
||  87.11  63.5 
.|l  88.4|  63.2 
||  87.0J  63. 8| 
II  88.4|  63.7 


60. 5| 
61.2 
64.5| 
63. 0| 
61.4| 
64.3| 
61  | 
64.71 


I  80.5 
(85 

84.3 
I  85.9 

82.8 

82.8 

84 

85.6 

86 

83.9 
|  85.9 

87.0 

82.6 


59.1 
58  j 
62.2| 
65. 5| 
57.5| 
60. 9  j 
59.71 
60.4J 
64.3| 
59. 6| 
60. 9| 
62.31 
62.01 


I  77. 8| 

|  70    ! 

I  77.5| 

|  80.5| 

|  76. 8| 

|  77.6| 

79.9| 

81.1| 

|  78.9| 

|  79.5| 

|  77.2| 

77.8| 

81.4| 


50.6 
53.3 

52.6| 
58  3 

55.3J 
51. 6| 
52. 5| 
51. 1| 
57.7| 
58.61 
51. 9| 
50. 7 1 
57.11 


|  42. 6|  4^.6| 
j  67.3J  37  j 
|  67.2|  39.51 

|  62.7|  43.3| 
j  65. 8|  35.3| 
|  66  3|  42. 2| 
|  62.3|  38.6|| 

|  69. 6|  44.2|| 
|  64. 4|  45.5| 
|  69.11  43. 1| 
!  64.5J  47. 0| 
|'  68. 2j  48.3|| 
|  68.21  45.011 


50. 4| 
50. 5 1 
52  | 
53. 6| 
49.8J 
58.1| 
59. 9| 
46. 9| 
50.2| 
55.3| 
55. 3| 
53. 9| 
54.7| 


26.1| 
29. 9| 
29. 9| 
34  | 
31.31 
28.4J 
36  || 
312|| 
31. 6| 
34.4| 
35.2| 
31.4|| 

32.iii 


37. 6|  18.8 
36.4|  19 
43. 6|  25.4 
39.3|  23.3 
42. 8|  24.1 
42. 9|  27.3 
37.31  22.4 


34. 4| 
46  | 
44.8| 
46.11 


20.3 
30.4 
25.4 
29.4 


35.5|  22.8 
40.01  25.2 


Average.  I   87.11  63. 6I1  84.6|  61.4M  78.61  53.9'|  65.4|  42  8||  53.4|  32.2||  41.2|  24.9 

The  details  of  Tables  II  and  III  are  shown  in  graphic  form 
in  Figure  9 : 
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1     •  9.     Diagram  showing  the  Absolute  and  Average  Maximum  and 
Minimum  Monthly  Temperatures  al  Martinsburg  for  24  years. 
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Table  IV  shows  the  number  of  hot  days  with  a  daily 
maximum  temperature  reaching  above  89  degrees  for  the 
period  of  24  years  at  Martinsburg,  which  gives  an  average  of 
30  hot  days  a  year  for  this  period.  The  least  number  of  such 
hot  days  was  20,  during  the  summers  of  1893,  1903,  and  1907, 
and  the  greatest  number  was  50  in  1911.  The  average  in  the 
mountains  at  Deer  Park,  Maryland,  is  four  hot  days.  In  this 
period  of  24  years,  there  were  only  20  days  that  recorded  a 
temperature  over  100°. 

Table  IV. — Number  Hot  Days  with  Maximum  Recorded  Tem- 
perature Over  89°  at  Martinsburg. 


Year. 

o 

< 

s 

July 
Aug. 

m 

o 

O 

Total 

1892  . 

1893  . 

1894  . 

1895  . 

1896  . 

1897  . 

1898  . 

1899  . 

1900  . 

1901  . 

1902  . 

1903  . 

1904  . 

1905  . 

1906  . 

1907  . 

1908  . 

1909  . 

1910  . 

1911  . 

1912  . 

1913  . 

1914  . 

1915  . 

1 

3 
2 

1 

2 
4 

4  8 

1  4     10     5 
|   5     13     2 

2  6  |   5  |  11 

3  1     5    10 

|   1    11  |   4 

|   7  ]   13     5 

2  |   9     13  ]   9 

5  5  1   15     16 
|   4  j  16   |   2 

2  6  |  13     3 

4  |  j  12  |   4 

3  8     8     6 

2  5     8  18 

3  6  |   6     4 
|   4    11  |   4 

3  |   8     17  |   9 
1  |  10   |  12  |   6 
1     7     16  i   8 

12   |   8   j   20   1   10 

4  4     13     6 
4    11  j  11  |   8 

6  |  12  |  12  |  11 
|   7  |  12  |   5 

2 
9 
4 
8 
4 
3 
7 

3 

3 

2 

1 

8 
4 
4 

9 

1 

30 

20 
22 
33 
26 
25 
29 
36 
48 
22 
29 
20 
28 
23 
21 
20 
37 
29 
34 
50 
35 
40 
45 
37 

Average  .  |  .  . 

..  |  .. 

..  [   2.6|   6     12     7 

3  |  .. 

..  |   30 

Table  V  shows  the  number  of  days  with  minimum  re- 
corded temperature  below  32  degrees  (freezing  point)  in  the 
24-year  period  at  Martinsburg,  an  average  of  111  cold  days  a 
year  for  this  period.     The  least  number  of  such  cold  days  in 
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the  winter  season  was  81  in  1892,  and  the  greatest  number  was 
144  in  1904.  Below  zero  temperatures  were  recorded  29  times 
in  the  twenty-four  years,  and  10  degrees  or  more  below  zero 
were  recorded  seven  times. 

Table  V. — Number  Days  with  Minimum  Recorded  Tempera- 
ture Below  32°  at  Martinsburg. 


Year. 

i 
xn 

o 

O 

> 

o 

6 

QJ 

o 
3 

ft 
< 

15 
o 

Eh 

1892  

5 

15 

25 

17 

17 

2 

...  1   81 

1893  . 

2 

16 

20 

30 

23 

17 

...  |  ...   108 

1894  . 

15 

22 

17 

23 

15 

5  |  ... 

97 

1895  . 

9 

13 

23 

29 

28 

22 

6  |  ... 

130 

1896  . 

5 

8 

23 

23 

20 

27 

7  |  ... 

113 

1897  . 

1 

12 

18 

26 

21 

16 

7  |  ... 

101 

1898  . 

4 

13 

23  | 

21 

21 

y 

8  |  ... 

99 

1899  . 

4 

11 

21 

26 

22 

13 

10  |  ... 

107 

1900  . 

1 

5 

26  | 

22 

22 

24 

4  |  .  .. 

104 

1901  . 

2 

20 

27 

26 

27 

15 

1  |  .  .. 

118 

1902  . 

4 

5 

25 

31 

28 

16 

3  |  .  .  . 

112 

1903  . 

2 

21 

30  | 

23 

21 

8 

3  |   2 

111) 

1904  . 

7 

17 

29 

30 

29 

21 

11  j  ... 

144 

1905  . 

4 

20 

22  j 

27 

28 

15 

3  |  .  .  . 

119 

1906  . 

4 

17 

26  | 

20 

26 

24 

5  |  ... 

122 

1907  . 

8 

15 

?5  | 

21 

28 

16 

14  |  ... 

127 

1908  . 

1 

21 

23  ! 

30 

27 

14 

4  |  ...  |  120 

1909  . 

5 

9 

27  | 

23 

17 

21 

3  |  ...  |  105 

1910  . 

3 

13 

30 

28 

25 

11 

...  |  ...  |  110 

1911  . 

17 

18  j 

22 

23 

21 

4  |  ...  |  107 

1912  . 

8 

25  | 

30  ! 

26 

18 

1  |  ...  |  108 

1913  . 

2 

3  J 

10 

19 

21  j 

24 

15 

3  ...  |  ys 

1914  . 

16 

22  | 

25 

26 

22 

6   ...  j  117 

1915  . 

1 

15 

27  | 

26 

20 

24 

6  j  ...  |  119 

1916  .. 

...|  ...  f  ...  f 

... 

...  | 

18  | 

...  | 
24 

...  | 
17  | 

...  |  ...  | 

111* 

Avfragre 

...|  ...  |   3| 

13 

24  | 

25~| 

"5  1  ••■"1 

EARLY  AND  LATE  FROSTS. 

[ft 

hi  Table   VI,  the  dales  for  the  latest  frost  in  the  spring 

and   the  earliesl    frosl   in   the   fall   arc  given   for  24  years  at 
A I  art  insburg. 


PLATE  VII (A). — Purslane  Sandstone  on  Sideling  Hill,  Morgan  County. 


PLATE  VII (B).— Rockwell  Sandstone  and  Shales  on  Sideling  Hill. 


WEST   VIRGINIA    GEOLOGICAL    SURVEY.  97 

Table  VI. — Killing  Frosts  at  Martinsburg. 


No.  Days 

Year.  Last  in  Spring.    First  in  Autumn.          Between. 

1892  April   12  Nov.  21  222 

1893  April   16  Oct.  17  183 

1894  April   11  Nov.   7        "  209 

1895  April   20  Oct.  10  172 

1896  April    10  Oct.     9  181 

1897  April    22  Oct.  31  191 

1898  April      9  Oct.  20  193 

1899  April   17  Oct.     1  166 

1900  April    15  Oct.  18  185 

1901  April     6  Oct.  26  202 

1902 April   15  Oct.  22  189 

1903  May    3  Oct.  25  175 

1904  April  23  Oct.  7  166 

1905  April  19  Oct.  22  185 

1906  April   8  Oct.  12  186 

1907  ,  May  12  Oct.  12  153 

1908 April  17  Sept.  30  165 

1909  April  12  Oct.  20  190 

1910  March  20  Oct.  29  222 

1911  April  10  Oct.  29  201 

1912  April   8  Oct.  17  191 

1913  May  12  Sept.  23  135 

1914  April  11  Oct.  27  198 

1915  April  16  Oct.  11  1<< 

Average  185 

The  average  number  of  days  between  frosts  is  seen  to  be 
185.  At  Parkersburg,  the  average  is  178;  at  Wheeling,  197; 
at  New  Cumberland,  164.  In  the  Valley  District  in  the  past 
few  years,  the  average  number  of  days  between  frosts  is  160 
at  Marion,  Pennsylvania ;  189  at  Clear  Spring,  Maryland ;  and 
161  at  Staunton,  Virginia.  There  is  thus  a  good  length  of  safe 
growing  season  in  this  Valley  and  especially  so  in  the  Mar- 
tinsburg district. 

SNOWFALL. 

Table  VII  shows  the  monthly  and  annual  snowfall  at 
Martinsburg  for  the  past  twenty-four  years.  The  greatest 
amount  was  46.3  inches  in  1907,  and  the  least  was  2.7  inches  in 
1901.  The  average  amount  of  snowfall  was  27.2  inches  at 
Martinsburg.  At  Morgantown,  the  average  is  30.2  inches ;  at 
Grafton,  39.5;  at  Rowlesburg,  52.8;  at  Point  Pleasant,  17.5;  at 
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Wheeling,  29.1;  at  Parkersburg,  22.7  inches.  The  monthly- 
averages  show  the  greatest  amount  of  snowfall  at  Martinsburg 
in  February  with  9.2  inches. 

Table  VII. — Monthly  and  Annual  Snowfall  (Inches)  at 
Martinsburg. 


Year. 

> 

o 

6 

CD 

Q 

a 
a 

1-5 

A 

A 
o 
u 

ft 
< 

a 
< 

1892  

2.5 

2.0 
0.0 

T 

0.0 
2.0 
5.0 
0.0 
0.0 
0.2 

T 

0.5 
0.0 

T 

0.0 
0.0 
8.0 
0.0 

T 

0.0 

0.0 

0.0 

0.0 

0.0 

1.5 

0.0 
9.0 
3.0 
2.0 
2.0 
7.0 
0.0 
0.0 

1  T 

7.0 

1.0 

|  20.0 

|  7.3 

0.0 

6.5 

5.5 

6.0 

13.5 

1   T 
8.0 

[  1.0 

8.0 

|   2.0 

7.5 

9.5 

1.0 

10.5 

0.0 

5.0 

2.0 

4.0 

1.0 

2.5 

10.0 

5.0 

13.0 

13.0 

"  2.5 

13.5 

5.0 

11.0 

20.0 

4.0 

15.0 

2.0 

T 

5.0 
0.0 

12.5 
21.5 
17.5 
13.0 

1.5  | 
12.5 

0.0 
29.0 
12.0 

1   T 
4.0 

6.0 

|  1.0 

7.0 

5.0 

17.0 

19.5 

0.5 

7.0 

|   9.5 

1.0 

3.0 

22.0 

1   T 

12.0 

4.0 

0.0 

0.5 

20.5 

1.5 

3.0 

2.0 

18.5 

T 

20.0 

T 

T 

0.0 

14.0 

9.0 

T 

3.5 
1.0 
7.0 
4.5 
T 

8.0 
5.5 

0.0 
0.0 
2.0 
0.0 
0.0 
0.0 
2.0 

T 

0.0 
0.0 
0.0 
0.0 
0.0 

T 

0.0 
0.3 
0.0 
0.0 
0.0 

T 

0.0 
0.0 
0.0 
0.0 

36.0 

1893  

37.0 

1894  

29.5 

1895  

27.0 

1896  

24.0 

1897  

23.0 

1898  

19.0 

1899  

35.0 

1900  

31.5 

1901  

2.7 

1902  

41.0 

1903 

12.5 

1904  

34.0 

1905  

27.3 

1906  

21.5 

1907  

46.3 

1908  

38.0 

1909  

21.0 

1910  

41.5 

1911  

20.5 

1912  

28.5 

1913  

6.0 

1914  

38.0 

1915  

12.5 

1916  

Average  1 

0.8 

4.6 

6.7 

9.2 

5.6 

0.2 

27.2 

RAINFALL. 

Rainfall  in  some  seacoast  areas  may  reach  50  to  60  inches 
a  year,  and  in  the  arid  regions  of  the  far  West  may  fall  as  low 
as  20  inches.  In  the  Tropics,  80  inches  have  been  recorded. 
Under  average  Temperate  Zone  conditions,  the  rainfall  aver- 
ages around  35  to  40  inches  a  year. 

Table  VIII  shows  the  monthly  and  annual  precipitation 
rr  rainfall  at  Martinsburg  for  twenty-four  years,  with  the 
monthly  and  annual  averages  for  thai  period.     The  month  of 
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greatest  rainfall  was  August,  1911,  with  10  inches,  and  the 
least  was  March,  1910,  with  0.17  inch.  The  greatest  annual 
rainfall  was  50.36  inches  in  1901,  and  the  least  was  28.98  inches 
in  1895. 

The  average  annual  rainfall  at  Martinsburg  based  on 
these  records  is  37.1  inches.  The  average  at  Morgantown  is 
44.56  inches  ;  at  Point  Pleasant,  42.9  inches ;  at  Wheeling,  37.38 
inches;  at  Parkersburg,  39.6  inches.  The  average  rainfall  in 
winter  months  is  7.69  inches ;  in  spring  months,  9.81  inches  ; 
in  summer  months,  12.03  inches ;  and  in  fall  months,  7.57 
inches. 

Table  VIII. — Monthly  and  Annual  Rainfall  at  Martinsburg. 


Year. 

fl 

■d 

s 

>> 

Jh 

&o 

o 

> 
o 

6 

1=1 

4 

fc 

§ 

< 

g 

1-5 

1-5 

< 

w 

O 

*A 

Q 

< 

1892    

3.81 

1.35|5.15|3.14 

2.4213.51 

2.50 

1.40(1.43 

0.21 

2.0612.49 

129.46 

1893    | 

|1.96 

2.64|1.32|4.28 

5.22]1.83|5.95 

3.50|2.81|4.75|2.98|0.87 

|38.11 

1894    | 

0.87 

2. 52|1. 26(2.97 

9.40|2. 85(2.21 

1.11|2.42|3.85|1.02|3.18 

(33.66 

1895    | 

2.45 

1.29|2.25|3.93 

3.26)3.07)2.78 

2.25|1.77|1. 38)1.50)3. 05 

|28.98 

1896    

1.60 

2.97|2.58|1.30 

1.26|7.54|5.64 

1.03|3.50|1.13|2.48!0.75||31.78 

1897    | 

1.05 

4.90|2.53|2  20 

5.0013.18(2.85 

'  2.78|1.80|1.15|4.70|3.10'j|35.24 

1898    

3.15 

1.29(3. 35|1.87I4. 51(1.4213.20 

7.00|1.31|5.09|2.91|3.50||38.60 

1899    

2.05 

4.35)4.15|1.30|5.15|3,32|1.15 

3.01|3.48|1.95|2.15|1.70||33.76 

1900    

1.76 

4.54)2. 95|1.60|0.35(3. 6313. 52 

2.60[3.80|1.15)3.00|1.75||30.65 

1901    

1.65 

0.25|3.08|6.75|8.35|5.69|5.60 

7.37|2.10|0.55|3.72|5.25j|50.36 

1902    

3.25 

3.20[5.75|3.72|1.56(3.22|4  52 

2.16|2.60|4.55|3.55|3.25|]41.33 

1903    

2.95 

3.15|3.35|4.55|3.90|5.40|5.90 

4.05|2.17|2.63|0.85I1.25||4U.15 

1904    | 

2.05 

1.05|2.18|2.58)5.48'|4.60|5.61 

1.65|4.00|2.45|1.05|2.35|j35.05 

1905    

|3.70 

0.85|2.95|1.52|1.90|6:05|9.30 

3. 25)1.90)3. 35|1.85|2.98||39. 60 

1906    

|2.60 

1.20)4.25(2. 35|1.00|7. 00)3  50 

9.50|0.70|4.30|0.85|3.90||41.15 

1907    .. 

[3.00 

1.90]3.90|3.32J3.75|5.37|5.41 

4.50|6.25jl.30|3.88|3.60j|46.18 

1908    

|1.00 

2. 80(3. 10)1. 60|5.25|2. 69)3.24 

4.70|1.88)1.73|0.80|1.12||29.yi 

1909    | 

1.96 

3.58)2.76)3  64|3. 64)3. 57)1.37 

2.89|3.65|2.64|0.78)2.83||33.29 

1910    | 

3.41 

2.79)0.17)3. 96|2.29)5. 66)4.55 

1.06|0.92|1.76|1.05|1.45||29.07 

1911     | 

3.74 

1.30|2.27|3:01|1.48|3,93|2.44 

10.00|4.02|3.27)2.20I3  95)]41.61 

1912    | 

1.65 

2.67 

6.10|2.49|4.11)6.33|4.86 

2.10|7.93|0.70|1.89|3.75||44.58 

1913    | 

2.13 

1.10 

6. 66)2.51(3. 98|2.10|2. 81 

2.43)2. 89)6. 89)3.04(3  05||39.59 

1914    | 

3.98 

3.15 

2.18|4.31|2.22|3.34|2.42 

4.58|0.82|2.20|2.27|3.03||34.50 

1915    | 

|4.96 

4.32 

0.82|0.93[4.95|5.84|3.20 

8.36|2.49|3.16jl.29]3.21||43.53 

1916    | 

2.05 

1         I         1         1 

| |.  .  .).  ...| || 

Average    ...  .\ 

1         1         I         1 

1         1         1         I         II 

Rainfall    | 

2.53 

2.46 

3.13|2.91|3.77|4.21|3.94 

3.88|2.78|2.59|2.20)2.70||37.1 
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Table  IX  shows  the  monthly  and  annual  rainfall  at  Har- 
pers Ferry,  19  miles  east  of  Martinsburg.  This  series  of  rec- 
ords extends  over  a  period  of  26  years.  The  greatest  monthly 
rainfall  was  9.18  inches  in  September,  1912;  and  the  least  was 
0.00  inches  in  October,  1892.  The  greatest  amount  of  annual 
rainfall  was  54.75  inches  in  1901,  and  the  least  was  27.41  inches 
in  1910. 

Table  IX. — Monthly  and  Annual  Rainfall  at  Harpers  Ferrj^. 


Year. 


ft 


CO 


fc  IP 


1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
imif; 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
L91  l 
1915 
1916 


0.50|3.09 
2.0112.09 
3.90)1.30 

(l.37|2  20 
J0.78J3.33 
|4.33|1.40 
|l.94|4.19 
1.44  5.76 
4.15|1.49| 
|3.25|4.80 
|2.43|4.68 
|2  25J0.51 
[3.20J2.20 
3.41)3.45 
2.21|1.42j 
4.89!2.18i 
[2.51|1.58 
3.05)2.54 
3.77|3.77| 
2.16|3.22| 
3.73|2.41| 
3.73  1.321 
2.01|1.26| 
•i  :\:\  H.77 
4.01  2.18! 
5.26|4.00| 
1.70! ....  I 


J2.87 

J5.52 
|5.15 
1 0.62 
|1.11 
jl.43 
2.48 
3.12 
4.36| 
|4.48 
3.56 
[5.27 
J6.14 
5.24 
2.29] 
2.421 
3.27 
2.26! 
1.231 
2.331 
0.86 
1.84| 
4.91) 
4.611 
1 .89] 
1.011 


12.40)4 

]1.64j2 

]2.65|3 

[4.08|4 

[3.39)7 

[2.83)4 

[1.64)4 

|2.14i5 

1.87)6 

[1.0613 

[1.62J2 

[7.9617 

|2.10|1 

4.95|2 

2.25|3 

1.49|1. 

3.26)1 

4.54|3 

1.13|6 

3.86(2 

5.3011 

2.9610. 

2.48 

2.0413. 

4.57|2 

0.7614 


.56j2.15)2 
.38)3.40)5 
.0615.56)1 
57)2.28)2 
.85]3.13|1 
.67)4.3512 
.6015.2515 
.67)3.20)4 
5111.08)2 
.96)2.51)2 
.41]3.58|4 
.81)3.44)4 
.5012.00)5 
.52J5.08|4 
.44|5. 95)4 
86|6.03|5, 
75)4.68)4 
20J5.61J1 
11)2.60)3 
92|4.31|0 
8115.30)1 
58)3. 93)3 
29|1.11|4 
27|1.14|2, 
48|4.03|1 
3515.2111. 


27[1.36|5.94 
32)5.5413.97 
.08J3.48J0.38 
89]2.01|3.31 
84)3.36)2.17 
.56I0.65|2.70 
.00)2.12)1.18 
.08!o.88J4.29 
.12)4.50|1.57 
12|5.64|1.47| 
.76)5.69)3.97 
6H2.29J2.48 
.85J5.00j6.40 
.60|0.60|1.95 
87|4.82|2.23 
92I1.47I2.331 
46|4.17|2.88| 
,86|6.74)0.57 
99|3.70]4.91 
04|5.03|i.74| 
60J3.54  1.84j 
27|0.90)0.99j 
53|8.98|3.28| 
88)4. 27)9.18) 
19|3.78|1.44| 
28|4.68I0.86| 
8718.3212.121 


|3.87|5 
[5.35J0 
11.55)1 
[0.00|3 
j4.95|l 
|3.00|0 
[0.16)2 
|0.88|2 
i2.27|5 
8.50)3 
1.51)3 
1.38|3 
0.60|3 
5.54|2 
3.27)0 
1.55)1 
2.87)0. 
8.15)0 
0.54)4 
2.90)0 
1.70J0 
1.71|1 
3.28|1 
0.42|2 
6.0612. 
1.Y5J2 
3.7411. 


,29|0.35| 
.69)3.16| 
.9712.33) 
.50J1.60) 
.89|0.32| 
.51|2.31) 
.50)2.83) 
0611.04J 
.56)3. 90| 
.60)3.69) 
.0612.881 
.62J2.32) 
.70)6.96) 
.91|5.45| 
.7910. 69| 
•  31|2.58| 
,78)3.76| 
.3513.19) 
.28|2.60| 
84)1. 06) 
6312.62) 
D4I2.12J 
93J2.6H 
50)3.511 
67)2.56! 
1513.69) 
4513.061 


|36.60 
|31.83 
J33.93 
130.65 
J30.32 
J29.80 
J34.33 
'43.25 
44.48 
139.93 
|34.98 
J54.75 

|3y.i6 

]41.32 
31.72 
38.79 
[40.91 
[39.22 
33.22 
29.73 
27.41 
37.97 
39.82 
32.86 
33.57 
41.15 


Avera 
Rainfi 
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In  Figures  10,  11,  12,  and  13,  the  data  in  Tables  VIII  and 
IX  are  shown  in  graphic  form. 
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Figure  10.     Diagram  showing  the  Variation  in  Mean  Annual  Rainfall 
at  Martinsburg  for  24  years. 
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Figure  11.     Diagram  showing  the  Monthly  Mean,  Minimum,  and  Maxi- 
mum Rainfall  at  Martinsburg  for  24  years. 
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Figure  12.     Diagram  showing  the  Variation  in  Mean  Annual  Rainfall 
at  Harpers  Ferry  for  26  years. 
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Figure  13.     Diagram  showing  the  Monthly  Mean,  Minimum,  and  Maxi- 
mum Rainfall  al  Harpers  Ferry  [or  ~(i  years. 
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In  the  period  of  24  years  at  Martinsburg,  the  average 
annual  rainfall  exceeded  40  inches  in  seven  years ;  and  in  the 
26  years  at  Harpers  Ferry,  six  years  showed  an  annual  rainfall 
over  40  inches.  The  month  of  August  showed  the  highest 
average  rainfall  at  both  places,  3.8  inches ;  and  November  was 
the  month  of  least  rainfall,  with  2.2  inches. 

FAIR,  CLOUDY,  AND  RAINY  DAYS. 

Tables  X-A  and  X-B  show  the  number  of  fair,  cloudy, 
and  rainy  days  at  Martinsburg  during  the  past  twenty-four 
years.  In  these  records,  the  observer  marked  as  rainy  days 
those  in  which  most  of  the  day  was  rainy,  while  days  with 
local  showers,  or  showers  of  short  duration  were  classed  with 
cloudy  days,  and  days  with  no  rain  were  called  fair  days. 

Table  X-A. — Fair,  Cloudy,  and  Rainy  Days  at  Martinsburg. 
(Snow  included  with  rain). 


Jan. 


b'eb. 


Year. 


R  |0 


o 


Mar. 


Apr. 


O 


rt 


May 


June 


a 


s  .5 
o    3 

5  rt 


1892  .... 

.1893  .... 

1894  

1895  .... 

1896  

1897  

1898  

1899  ] 

1900  1 

1901  [ 

1902  J 

1903  j 

1904  ] 

1905  1 

1906  1 

1907  

1908  1 

1909  1 

1910  1 

1911  1 

1912  ! 

1913  j 

1914  j 

1915  .| 

1916  ......  I 


9| 
6 1 

8| 
13| 

31 

7| 

12|| 

8| 
«l 

811 

4!| 

6'i 

4| 

»l 
7| 

12  j 

5[| 

9|| 

11|| 

10|| 

8|| 
5|| 

8|| 
12 


6| 
9| 
I  10 
13 
11 
10 
17 

I    7 
11 

19 

13 

14 

14 

13 

20 

12 

13 

12 

16 

13 

If) 

19 

15 

14 


7||  9| 
12||  10| 
13||15| 
7||12| 
12||11| 
11||10|  8 
3||  81  7 
11 
15 
11 
8 
11 
15 
12 
13 
7 
91 


3||10 
4J|  12' 
6||  10| 
5||  18 
7||13| 
8||18| 
6j|  22| 
5||  15] 
411  13| 
4Jj  12| 
8|j  13 
1111221 


13j 

9| 

5I 
91 
llj 
13| 
16| 
12| 
8| 

7|| 
7| 
7| 

«l 

8  j 

6| 

»ll 
10| 

2ll' 
81 


7| 

8| 
6|12| 
9|  10[ 
10|  8| 
51    41 


9| 

9I 
16| 

13| 

13| 

14| 
13 1 
17 1 
16| 
13| 
14| 
15| 
14| 
12| 
171 
12J 
21| 
16! 
12| 
10| 
13| 
12] 
16| 
191 


15|    6| 
10|  11| 

5|    9| 
10|    7] 

8I    9|, 
7|    9| 

7|10|| 

10|    3| 

61     81 


11|     71 

9|     4j 

10J     8| 

!|  8|| 
6|  8| 
8]  10 1 1 
121  8] 
4|13| 
7|11|| 
5|  9|| 
91    211 


9|  11|  1H| 
14|  5|  12J 
12|  2|  17| 
10 1    9|  12|| 

9|  10|  12|j 
13|    4|  14|| 

9|  6]16i| 
12|  6|  13|| 
15|  13|  3|| 
12|  8|11|| 
15|  8|  8|j 
19|  6| 
18|  5| 
171    61 


18|  llj 
13|  9| 
16|  6| 
191     5i 


15| 
25| 
18| 
16| 
241 


8|  8| 
1|  5| 
3|10| 

5|10| 
II     61 


15 

11 
20 
15 

12j 
12] 
19] 
11|  14 
11]  10 
11]  10 
18|  2 
91  11 
15 
17 
12 
15 
211 


14 


161    91    6!1 


7 
5 
3 
6 

3| 
1 

10|'ll| 
14|  3 
14]  5 
191  2 
2l|  1 
151  11 


9 

10 

10 

13 

12 

12 

7 

5 

9 

9 

10 

10 


1  CM- 


CLIMATE. 


Table  X-B. — Fair,  Cloudy,  and  Rainy  Days  at  Martinsburg 
(Continued).     (Snow  included  with  rain). 


3 

J  uly 

August 

Sept. 

Oct. 

Nov 

Dec. 

Year. 

>5 

- 
z 

5 

>> 
g 
"3 

u 

'3 
fa 

HI 

c 
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>> 
g 
"3 

'3 
fa 

0 
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'3 
fa 

O 
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'3 

fa 

>> 

o 
O 

>> 
g 
"3 
P5 

H< 

'3 
fa 

>> 

O 

O 

>> 
g 
'3 

1892    | 

1! 

1  nl  7 

|12 

i  15l    4 

1 18 

1  e 

1    6 

15 

1 ll 

I  i 

10|  13 

1    7 

|    7U9| 

1893    | 

20 

3|    8 

19 

1|  11 

14 

8 

1    8 

IS 

1  7 

1    6 

15|    8 

1    7 

13 

12]    6 

1894    | 

17 

6|    8 

|  12 

14|    5 

1     7 

1    9 

1  14 

14 

1 n 

1    6 

12]  14 

1    4 

14 

7|10 

1895    | 

14 

1  10l    7 

1  18 

1    4|    9 

1  17 

1    9 

1    4 

23 

1  3 

1    5 

11|  12 

1    7 

10 

15|    6 

1896    | 

12 

1    4I15 

|  20 

1    3I    8 

1  16 

1    4 

|10 

8 

1 16 

1    7 

16|    5 

1     9 

14 

13|    4 

1897    | 

12 

1    9I  10 

|  20 

1    *l  10 

|  24 

1    3 

1    3i 

12 

i: 

1    6 

131    b 

I11 

10 

10]  11 

1898    | 

16 

1    9I    6 

13 

|    91    9 

|  22 

1    S 

1    5 

12 

1    s 

|14||13|     8 

1     9 

|  13 

|11|    7 

1899    | 

U 

|11|    8 

1  14 

1    5 

1 12 

1  18 

1    4 

1    8 

lb 

!1] 

|    4||13|lll    6| 

1  15 

10|    6 

1900    | 

18 

1  4!  9I 

1  19 

1    4 

1    8 

1  16 

1    8 

1    6I 

IS 

1    9 

1    4II    7I  14 

1    9| 

18 

8|    5 

1901    | 

13 

1  8I10 

|  18 

1    4 

1    9 

1  18 

5 

1    7 

21 

1     8 

1    ^lll^l13 

1    4I 

1  17 

8|    6 

1902    | 

16 

1  7i  8I 

21 

1    2 

8 

1  15 

1    9 

1     6I 

17 

1     8 

1     6II18!    6 

1    6I 

13 

10]    8 

1903    | 

19 

0|12| 

12 

9 

10 

|  24 

1    '6 

|    3||17 

1  10 

1    4II18I    7 

1    5| 

22 

6|    3 

1904    ■. 1 

13 

1    5I  13l 

1  16 

1    7 

1    8 

1  17 

1    6 

1    7II  2'6 

1    5 

|    3||17|11 

1    2I 

12 

14]    5 

1905    

15 

3|13| 

17 

8 

6 

|  24 

1    2 

1    4II  21 

1    6 

1    4II16I    9 

1    5I 

15 

11]    5 

1906    | 

17 

1    6I    8 

1    8 

1    7I  16 

1  17 

11 

1    2I|12 

1  1:I 

1    »!|19|    7 

1    4I 

1    8 

15|    8 

1907    | 

20 

0|11| 

17 

6|    8 

1  15 

!   & 

1    9||22 

|     «!     3||14|     9 

1    7I 

11 

12|    8 

1908    j 

21 

1    °l  10l 

1  15 

1    9|    7 

I18 

|i(] 

1    2II  21 

1     b 

1    4il  2'6\    b 

1    Jl 

|  13 

13|    5 

1909    j 

21 

1  4!  6I 

19 

1    6I    6 

1  19 

1   7 

1    4II22 

1    5 

1    4II18I    b 

1    6I 

16 

12|    3 

1910    | 

19 

1  5I  7 

18 

1    8I    5 

|  20 

1   4 

1    «ll24 

I    1!    6||11|15 

1    4I 

16 

12|    3 
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The  average  conditions  of  sunshine  and  rainy  days  as 
obtained  from  these  tables  for  the  24  years  are  shown  in  Table 
XI,  and  illustrated  by  the  graphic  diagram  in  Figure   14: 

Table  XI. — Average  Weather  Conditions  at  Martinsburg  for 

24  Years. 
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Figure  14. 


Diagram  showing  the  Average  Number  of  Fair  and  Rainy 
Days  at  Martinsburg  for  24  years. 


This  table  shows  that  at  Martinsburg  there  are  annually 
an  average  of  180  clear  days,  and  185  cloudy  and  rainy  days. 
The  average  at  Wheeling  for  29  years  is  199  clear  days  and 
166  cloudy  and  rainy  days. 

WIND  DIRECTION. 


The  prevailing  direction  of  the  winds  at  Martinsburg  is 
from  the  northwest ;  though  in  the  summer,  the  winds  are 
mostly  south.  The  wind  direction  varies  in  this  area  and  is 
sometimes  southeast,  southwest,  northwest,  etc. 

In  the  records  for  twenty-four  years  at  Martinsburg,  the 
following  prevailing  directions  of  wind  were  recorded  by  years 
in  the  different  months  to  January,  1916 : 
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PART  II. 


The  Geology  of  the  Eastern 
Panhandle  Counties. 


CHAPTER  IV 


GENERAL  GEOLOGY  AND  STRUCTURE  OF 
THE  EASTERN  PANHANDLE  AREA. 


GEOLOGICAL   DEFINITIONS. 

GEOLOGY  is  one  of  the  branches  of  science  which 
treats  of  the  history  of  the  earth  in  its  progress  as  a  planetary 
body  to  its  present  condition.  It  is  therefore  a  very  compre- 
hensive science  including  nearly  all  the  work  done  in  and  on 
this  globe  on  which  we  live.  Its  object  is  to  decipher  the 
complete  life  history  of  the  earth,  and  no  other  science  equals 
it  in  arousing  mankind  from  the  old  fixed  idea  of  the  un- 
changeableness  of  the  earth,  terra  firma,  as  it  is  called,  yet  it 
is  in  reality  almost  a  type  of  instability.  Geology  teaches  us 
that  the  organic  law  of  adjustment  to  environment  applies  not 
only  to  the  organic  world,  but  equally  so  to  the  inorganic,  and 
that  even  the  everlasting  hills  and  the  great  rivers  are  only 
transitory  features  on  this  earth.  Geology  has  rendered  two 
great  services  to  mankind;  first,  the  enlargement  of  the  intel 
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lectual  realm  and  vision  for  man ;  and  second,  the  development 
of  the  economic  resources,  adding  thereby  to  the  wealth  and 
comfort  of  man  and  nations. 

Since  the  time  of  Newton,  it  has  been  known  that  the 
shape  of  the  earth  is  spheroidal,  but  it  was  early  believed  that 
the  interior  was  molten  with  a  solidified  surface  crust.  While 
now  it  is  believed  that  the  earth  is  practically  solid,  the  old 
term  survives,  and  it  is  customary  to  speak  of  the  crust  of  the 
earth,  referring  to  that  portion  of  the  surface  which  can  be 
studied  either  on  the  surface  or  at  shallow  depths  in  mines  or 
drillings,  or  at  greater  depths  through  volcanic  energy  and 
the  materials  thereby  ejected.  This  crust  of  the  earth  is  com- 
posed of  rocks  which  according  to  their  origin  are  classified 
into  three  groups :  Igneous,  Metamorphic,  and  Sedimentary. 
The  first  group  includes  the  granites,  syenites,  volcanic  rocks, 
etc.,  but  it  is  only  sparingly  represented  in  West  Virginia,  and 
may  therefore  be  ignored  in  this  discussion.  Metamorphic 
rocks  are  those  which  have  been  changed  by  great  heat  and 
pressure  in  the  crustal  movements  of  the  earth  and  have  so 
lost  their  original  characters.  They  may  have  been  igneous 
or  sedimentary  rocks  originally,  but  they  are  now  greatly 
altered  or  metamorphosed.  Limestone  is  thus  changed  to 
marble,  sandstone  to  quartzite,  shales  to  roofing  slate,  coal  to 
anthracite,  carbonaceous  material  to  the  diamond  or  graphite, 
etc.  Examples  of  this  group  may  be  found  in  the  mountain 
regions  of  the  State. 

Most  of  the  rocks  of  this  State  belong  in  the  third  group 
of  Sedimentary  Rocks,  that  is,  they  have  been  deposited  as 
sediments  under  water,  later  consolidated  by  mechanical  or 
chemical  processes  into  solid  strata.  Sand  has  been  consoli- 
dated into  sandstone,  lime  mud  into  limestone,  mud  into 
shales,  etc.  The  presence,  therefore,  of  large  deposits  of  sedi- 
mentary rocks  is  proof  that  at  some  past  time  that  area  was 
under  water.  In  this  water  often  flourished  life,  animal  or 
vegetable  or  both,  and  the  remains  of  this  life  are  often  pre- 
served in  the  rocks  as  fossils. 

Sedimentary  rocks  are  stratified,  separating  along  more  or 
less  parallel  planes  into  layers  or  strata,  and  these  may  further 
break   into   plates   or   laminse.      They   represent   consolidated 
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sediments,  the  particles  being  held  together  by  some  cement- 
ing substance  as,  lime  carbonate,  silica,  iron  oxide,  or  alumina, 
or  they  have  been  rendered  solid  by  long-continued  pressure. 

In  some  cases  the  parallel  bedding  is  broken  by  cross- 
lamination  or  cross-bedding,  representing  not  folding,  but  an 
angular  deposition  of  material  due  to  rapid  currents  in  the  old 
ocean,  and  it  is  thus  characteristic  of  shallow-water  conditions. 
There  will  also  be  found  in  the  shallow  water  sediments,  rip- 
ple-marks, worm-burrows  and  trails,  seaweed  impressions, 
rain-drop  prints,  sun-cracks,  and  the  like.  All  these  characters 
when  found  in  sedimentary  rocks  attest  their  shallow-water 
origin. 

Structural  Geology  treats  of  the  kinds  of  rocks,  their  ar- 
rangement and  position.  The  most  important  group  of  rocks 
in  the  eastern  Panhandle  Area,  as  well  as  in  the  entire  area  of 
the  State,  is  the  Sedimentary.  They  were  originally  deposited 
in  nearly  horizontal  beds,  and  they  often  cany  the  evidences 
of  their  water  origin  in  ripple-marks,  worm  and  seaweed  im- 
pressions, and  they  also  contain  fossils.  They  were  deposited 
under  the  waters  of  the  sea  or  other  bodies  of  water.  As  a 
corollary  to  this  evidence,  the  hills,  mountains,  and  valleys  of 
this  area,  composed  of  these  rocks,  were  at  one  time  under  the 
waters  of  the  ocean  or  its  tributaries  where  the  sediments  that 
compose  the  rocks  were  deposited. 

The  so-called  horizontal  rocks  are  not  truly  so,  but  have  a 
slight  dip  or  slope,  which  is  greatly  increased  in  the  tilted 
rocks.  The  dip  of  a  stratum  is  defined  as  its  inclination  to  the 
horizontal  plane,  and  it  is  expressed  in  degrees  and  direction. 
It  may  vary  from  0  degrees  in  horizontal  rocks  to  90  degrees 
in  vertical  ones.  The  line  of  intersection  of  the  dipping  plane 
with  the  horizontal  is  called  the  strike,  and  its  direction  is 
always  at  right  angles  to  that  of  the  dip.  The  line  along  which. 
the  dipping  bed  cuts  the  surface  of  the  ground  is  the  outcrop 
of  the  bed  which  line  by  erosion  will  bind  down  in  hollows 
and  rise  over  hills.  The  determination  of  the  thickness  of 
lori/.ontal  beds  is  readily  made  by  simple  measurement,  bu1 
in  di pjiing  strata  more  or  less  covered  by  debris  and  with 
angle  of  dip,  the  measuremenl  becomes  a  more  difficult  prob 
lem.     In  the  measuremenl  of  such  beds  along  the  outcrop,  the 
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thickness  of  the  stratum  would  be  computed  by  a  simple 
formula.  The  thickness  of  the  stratum  would  equal  the  hori- 
zontal length  of  outcrop  multiplied  by  the  sine  of  the  angle  of 
dip.  The  angle  of  dip  is  measured  by  a  dial  instrument  with  a 
movable  arm  which  may  be  set  in  the  direction  of  the  dipping 
plane,  and  the  angle  of  dip  is  measured  on  a  graduated  quad- 
rant on  the  instrument.  This  instrument  is  called  a  clinom- 
eter.   The  direction  of  the  dip  is  read  by  a  compass. 

Sedimentary  rocks  by  earth  movements  may  become  high- 
ly inclined  or  even  thrown  into  folds.  There  are  three  types 
of  folds ;  the  Anticline,  the  Syncline,  and  the  Monocline. 
Anticlines  are  upward  folds  in  which  the  strata  dip  away  from 
the  central  line  or  axis  on  the  crest  of  the  fold,  similar  to  the 
roof  of  a  house.  Synclines  are  downward  folds  in  which  the 
strata  dip  toward  the  central  axis  in  the  bottom  of  the  trough, 
or  the  opposite  condition  to  the  anticline.  In  the  normal  order 
the  anticline  would  form  a  ridge,  and  the  syncline  would  form 
a  valley,  but  by  erosion,  the  order  may  be  reversed  and  result 
in  anticlinal  valleys  and  synclinal  ridges  or  mountains.  The 
axes  of  the  folds  dip  or  pitch  and  finally  disappear,  and  the 
fold  is  said  to  die  out  in  a  given  direction.  A  Monocline  is  a 
simple  bend  or  fold  connecting  a  higher  and  lower  level  of 
the  strata,  the  parts  so  connected  may  be  horizontal.  These 
folds  may  be  symmetrical  when  they  dip  each  way  from  the 
axis  in  equal  degree ;  or  one  side  of  the  fold  may  have  a  steeper 
dip  than  the  other  and  the  fold  is  unsymmetrical.  One  of  the 
classic  fields  for  the  study  of  mountain  folds  in  the  world  is 
the  Appalachian  area,  and  illustrations  of  these  folds  are  to 
be  found  in  text  books  of  all  languages. 

The  cause  of  such  folds  is  lateral  pressure  due  probably  to 
the  shrinkage  in  the  cooling  of  the  earth.  The  process  was 
very  slow  and  continued  through  a  long  course  of  time.  The 
rocks  so  folded  now  occupy  much  less  space  than  the  original 
horizontal  layers.  They  have  been  crowded  together  and 
thrust  upward.  In  the  laboratory  of  the  United  States  Geolog- 
ical Survey,  experiments  have  been  carried  on  with  artificial 
pressure  on  loaded  strata  of  wax  of  different  degrees  of  hard- 
ness in  the  separate  layers,  and  the  slowly  applied  lateral 
pressure  produced  folds  and  other  structures  in  miniature  that 
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almost  duplicated  the  natural  structures  of  the  Appalachian 
Mountain  range,  an  experimental  proof  of  the  theory  of  lateral 
pressure  in  producing  these  results. 

When  the  strata  are  formed  under  the  same  sedimentary 
conditions  in  a  continuous  manner,  there  is  no  break  between 
the  strata  and  they  are  said  to  be  conformable  and  a  Con- 
formity exists.  Strata  again  may  be  deposited  and  then  raised 
into  a  land  area,  then  depressed  and  a  new  order  of  strata  laid 
down  on  the  eroded  surface  of  the  first  series.  Under  such 
conditions  sedimentation  has  not  been  continuous  and  a  break 
occurs  between  the  old  and  the  new,  representing  a  time  inter 
val  whose  duration  and  record  are  lost  and  this  is  called  an 
Unconformity.  In  the  history  of  the  earth,  an  unconformity 
means  that  the  leaves  of  the  history  at  this  place  are  lost.  Such 
a  condition  is  found  at  the  close  of  the  coal  formation  in  this 
country  and  there  is  a  marked  unconformity  between  the  old 
life  periods  of  the  Paleozoic  time  and  the  newer  life  records  of 
the  Mesozoic. 

Stratified  rocks  may  often  be  readily  broken  apart  along 
the  parallel  planes  of  sedimentation,  but  they  also  break  along 
other  planes  more  or  less  parallel  which  are  known  as  Joints. 
These  planes  may  be  due  to  shrinkage  in  the  consolidation  ot 
the  sediments  into  rocks,  or  to  strains  set  up  in  the  rocks  by 
crustal  movements.  They  are  often  at  right  angles  to  the 
bedding-planes  and  may  be  at  right  angles  to  each  other  in 
two  sets,  or  again  may  run  at  various  angles.  They  are  of 
aid  in  the  quarrying  of  stone  and  they  will  determine  the  size 
of  the  blocks  so  quarried. 

When  the  joint-plane  extends  through  many  layers,  they 
are  called  fissures  and  they  may  be  of  large  extent  in  length 
and  depth.  They  may  be  filled  with  mineral  matter  and 
thus  become  mineral  veins,  in  many  localities  even  carry- 
ing ores  and  become  of  economic  importance,  as  the  fis- 
sure ore  veins  of  the  West.  Where  the  fissure  in  the 
rock  shows  one  side  of  the  wall  higher  than  the  other,  it 
is  termed  a  Fault.  The  extent  of  this  vertical  displacement 
may  be  a  few  inches  or  less,  or  again  may  run  into  thousands 
of  feet.  Usually  one  wall  of  lln-  fault  overhangs  the  other,  and 
the   uppiT  one   is  called   the  hanging  wall,  and   (he   lower,   the 
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foot-wall.  Usually  the  plane  of  fracture  of  a  fault  is  inclined 
or  dips  forming  the  hanging  and  foot-walls.  Normal  faults,  as 
they  are  called,  incline  or  dip  to  the  downthrow  side,  and  the 
angle  of  the  fault  and  the  amount  of  the  displacement  are 
readily  determined  by  measurement.  In  mountain  areas  ex- 
amples are  common  where  the  upper  side  of  the  fracture  or 
fault  appears  thrown  up  over  the  lower  side  along  a  thrust- 
plane  and  a  reverse  fault  results,  often  called  a  thrust-fault. 
Such  faults  are  due  to  lateral  pressure  as  in  case  of  the  folds. 
The  pressure  may  form  the  fold  and  continue  in  force  until 
the  top  of  the  fold  breaks  and  one  side  is  thrust  over  the  other. 
Examples  of  this  type  of  fault  may  be  seen  in  the  North 
Mountain  and  Third  Hill  Mountain  in  the  area  under  discus- 
sion in  this  Report.  Along  fault-planes  the  rocks  are  some- 
times striated  and  polished,  forming  slickenside  surfaces  on 
the  rocks. 

Sedimentary  rocks  were  formed  under  water,  as  has  been 
shown  above,  and  later  were  raised  into  dry  land  with  gently 
dipping  horizontal  beds  in  the  normal  order.  But  the  succes- 
sion of  the  rocks  Math  their  different  fossil  life  characters 
shows  that  these  rocks  were  again  and  again  depressed  below 
the  sea  and  reelevated,  resulting  in  the  orderly  sequence  of 
rock  strata  as  found  to-day.  With  the  emergence  of  such  a 
land  area  from  the  sea,  three  great  geological  processes  began 
their  work:     Erosion,  Transportation,  and  Deformation. 

EROSION. — By  erosion  the  new  land  area  is  worn  down 
to  sea-level  by  the  atmospheric  agencies  of  rain,  snow,  sun, 
frost,  etc.,  and  by  the  work  of  the  rivers  and  the  sea.  The 
mechanical  and  chemical  effects  of  the  elements  of  the  air  re- 
sult in  the  destruction  of  the  rocks  and  therefore  of  the  land 
area.  In  course  of  time,  comparatively  short,  the  hard  resis- 
tant granites  crumble  to  sand  under  the  onslaught  of  the  ele- 
ments, as  may  be  seen  in  a  few  years'  history  in  railroad  cuts 
through  these  rocks.  The  action  is  continuous  day  and  night, 
year  in  and  year  out,  and  results  in  the  pile  of  loose  debris 
around  every  rock  exposure.  This  process  is  called  weather- 
ing, and  soils  and  clays  have  their  origin  in  this  process.  While 
a  portion  of  the  results  of  rock  decay  can  be  seen  in  the  debris 
left  behind,  a  considerable  portion  of  it  is  removed  in  streams, 
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and  a  very  considerable  portion  passes  away  invisible  in  solu 
tion  into  the  runs  and  rivers  and  finally  to  the  sea. 

TRANSPORTATION.— The  mechanical  and  chemical 
products  of  the  disintegration  of  the  rocks  are  carried  seaward 
by  running  waters.  Much  of  the  material  is  carried  by  the 
rivers  in  suspension  visible  in  the  muddy,  turbid  water,  not 
so  apparent,  but  still  present  also  in  the  clearer  streams.  A 
greater  amount  is  pushed  along  the  river  floor  by  the  action  of 
the  current,  as  well  as  the  materials  in  chemical  solution  which 
give  to  waters  their  chemical  composition  in  the  mineral 
or  medicinal  springs.  All  of  these  conditions  represent  the 
transportation  work  of  the  stream.  In  more  quiet  reaches  of 
the  river,  portions  of  the  transported  material  may  be  depos- 
ited, while  other  parts  are  carried  to  the  sea  and  there  depos- 
ited as  river  sediments  in  delta  or  shore  deposits.  The  river  is 
a  great  agent  of  transportation,  and  it  is  also  a  great  agent  of 
erosion  through  this  material  which  it  carries.  A  stream  with- 
out sediment  does  not  erode  its  channel,  but  the  detritus  car- 
ried by  it  acts  as  so  many  engraving  tools  in  sculpturing  its 
valley  and  eventually  destroying  it.  The  valley  was  not  made 
for  the  river,  but  was  made  by  it.  This  subject  is  more  fully 
discussed  in  the  Chapter  on  Physiography. 

DEFORMATION. — The  rocks  as  raised  from  the  sea  by 
the  earth's  changes  would  be  horizontal  or  nearly  so  in  the 
normal  uplift,  and  this  is  the  present  position  of  the  sedimen- 
tary rocks  in  undisturbed  areas,  as  illustrated  by  the  Carbon 
iferous  strata  over  the  western  portion  of  this  State,  but  even 
in  these  rocks  there  are  found  minor  crumplings  and  devia- 
tions from  the  horizontal  position  into  low  anticlines,  syn- 
clines,  and  monoclines,  which  have  given  to  the  world  the 
great  accumulations  of  oil  and  gas  in  those  economic  fields. 

The  rocks  in  the  eastern  portion  of  the  State  are  much  more 
disturbed  from  their  original  position  than  at  the  west.  These 
<  hanges  in  form  and  position  of  the  rocks  arc  included  under 
the  term  Deformation.  The  forces  of  deformation  may  be 
vertical  by  direct  upheaval  of  the  rocks,  or  horizontal  by 
lateral  movements  of  flu-  earth.  By  the  first,  the  land  is  raised 
to  higher  levels;  by  the  second,  the  rocks  are  crowded  together 
and   thrown   into  folds  which   may  extend  to  a  considerable 
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height  above  sea-level.  Most  mountains  have  been  formed  in 
this  way.  The  great  Appalachian  belt  was  so  formed  in  the 
first  place,  but  the  present  mountains  of  this  belt  are  due  to 
direct  vertical  uplift  at  a  later  period  after  the  original  crum- 
pled range  was  eroded  to  a  sea  plain  and  then  reelevated,  and 
carved  out  by  erosion. 

CLASSIFICATION  OF  THE  SEDIMENTARY  ROCKS. 

The  rocks  of  the  earth's  surface  have  been  classified  by 
geologists  in  a  series  of  historical  divisions  based  for  the  m^st 
part  on  the  life  of  past  ages  as  preserved  in  a  fossil  state  in 
these  rocks.  It  is  found  that  this  life  differed  in  different  rocks, 
but  in  the  same  stratum  as  followed  from  place  to  place  there 
was  a  similarity  in  the  life.  Further  there  was  a  progressive 
crder  in  this  life  from  the  older  period  to  the  next  younger. 
It  was  thus  found  that  the  rocks  could  be  arranged  in  this 
crder  and  traced  to  different  parts  of  the  country  and  even 
over  the  world.  The  main  divisions  of  the  geological  column 
so  constructed  on  these  life  characters  are  as  follows : 

Cenozoic — Recent  life  forms. 

Mesozoic — Less  recent  life  forms. 

Paleozoic — Oldest  forms  of  life. 

Algonkian 

Archaean — Crystalline  rocks  with  no  undisputed  evidence  of  life. 

The  basal  portion  of  this  column  includes  the  crystalline 
locks,  as  the  granites,  syenites,  diorites,  etc.,  and  is  not  repre- 
sented to  any  extent  in  West  Virginia,  though  they  are  found 
just  on  the  boundary  in  the  Blue  Ridge.  In  the  gravel  terraces 
there  is  a  representative  of  the  uppermost  division,  the  Ceno- 
zoic.  Most  of  the  geology  of  this  State  is  included  in  the 
Paleozoic  and  in  one  division  of  this  era,  the  Carboniferous; 
though  the  eastern  portion  and  the  area  under  discussion ; 
namely,  Morgan,  Berkeley,  and  Jefferson  Counties,  is  included 
in  the  column  from  the  Lower  Carboniferous  down  to  the  base 
of  the  Paleozoic.  The  subdivisions  of  this  Paleozoic  era  are 
as  follows : 

\  Permian  or  Permo-Carboniferous   (Upper). 

Carboniferous  <j  Pennsylvanian   (Middle) 
[  Mississippian   (Lower). 

Devonian. 

Silurian. 

Ordovician. 

Cambrian. 
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CLASSIFICATION   OF  THE  EASTERN   PANHANDLE 
FORMATIONS. 

The  rocks  of  the  eastern  Panhandle  Area  belong  in  the 
Mississippian,  Devonian,  Silurian,  Ordovician,  and  Cambrian. 
These  subdivisions  of  the  Paleozoic  are  further  subdivided  into 
the  following  groups : 

MISSISSIPPIAN. 

Mauch  Chunk  Red  Shales. 
Greenbrier  Limestone. 
Pocono  Sandstone. 

DEVONIAN. 

Catskill  Formation. 

Chemung. 

Portage. 

Genesee. 

Hamilton. 

Marcellus. 

Onondaga. 
Oriskany   Sandstone. 
Helderberg  Limestone. 

SILURIAN. 

Salina    Formation. 

Bossardville  Limestone. 

Rondout  Waterlime. 

Bloomsburg  Red  Shale. 
Niagara  (McKenzie  Formation). 
Clinton. 
Medina. 

White   Sandstone. 

Red  Sandstone. 

ORDOVICIAN. 

Martinsburg  Shales. 
Chambersburg  Limestone. 
Stones  River  Limestone. 
Beekmantown  Limestone. 

CAMBRIAN. 

Upper  or  Saratogan. 

Conococheague  Limestone. 
Middle  or  Acadian. 

Elbrook  Formation. 

Waynesboro  Formation. 
Lower  or  Georgian. 

Tomstown    Limestone. 

A  nl  ii|, -nil   Sandstone. 

Harpers  Shale. 

WevertOH    Sandstone. 

ALGONKIAN. 

CatoHin    Schist. 
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GEOLOGICAL  STRUCTURE  OF  THE  EASTERN 
PANHANDLE  AREA. 

The  Appalachian  Mountain  region  is  one  of  intense  fold- 
ing and  faulting  where  the  rocks  have  been  crowded  together 
in  close  unsymmetrical  folds  with  a  general  northeast-south- 
west trend  at  high  angles  of  dip  and  often  overthrust  with 
reversed  dips.  The  structure  is  further  complicated  by  the 
larger  folds  being  thrown  into  minor  folds  and  these  into 
lesser  folds,  one  on  top  of  the  other.  The  complexity  of 
structure  increases  from  west  to  east. 

The  eastern  Panhandle  Area  is  located  in  this  xA.ppalachian 
belt  of  rock  disturbance.  In  the  western  part  of  the  area 
are  well-defined  fairly  smooth  folds,  with  a  fair  degree  of  sym- 
metry and  but  few  overthrusts,  while  in  the  Meadow  Branch 
Mountain  area  and  North  Mountain,  the  folds  are  overthrust, 
more  so  in  North  Mountain  than  to  the  west  and  with  the 
addition  of  large  faults,  and  in  the  limestone  valley  eastward, 
the  folds  are  sharp,  close  together,  with  numerous  fault-planes 
and  overthrust  faults,  the  structure  becoming  especially  com- 
plicated near  the  Blue  Ridge. 

The  Appalachian  folds  dip  down  and  die  out  when  fol- 
lowed north  or  south,  and  while  some  are  described  with  a 
length  of  50  miles,  most  of  them  are  much  less.  As  one  dis- 
appears, another  comes  in,  so  that  the  folded  structure  ex- 
tends the  length  of  the  mountains. 

Along  the  line  of  the  Appalachian  Mountains,  the  strata 
have  been  estimated  to  be  about  40,000  feet  thick,  while  the 
same  strata  in  the  Mississippi  Valley,  according  to  LeConte, 
are  about  4,000  feet  thick,  so  that  sediments  during  Paleozoic 
time  accumulated  in  great  thickness  along  this  eastern  line. 
The  strata  are  mostly  those  formed  in  shallow  water  or 
within  twenty  to  fifty  miles  of  a  coast-line,  and  they  are  char- 
acterized by  ripple-marks,  cross-bedding,  and  other  evidence 
of  shallow  water  origin,  and  yet  have  accumulated  in  this 
great  thickness.  The  deposits  must  have  been  accumulated  in 
a  slowly  sinking  trough  which  thereby  formed  a  line  of  weak- 
ness in  the  earth's  crust.  The  rocks  were  deposited  as  hori- 
zontal sediments,  for  the  same  strata  traced  westward  become 
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practically  horizontal.  The  folding  of  these  horizontal  sedi- 
ments has  been  so  great  that  according  to  Willis,  100  miles 
of  lateral  extent  of  sediments  are  now  concentrated  into  a 
width  of  65  miles.  The  folding  of  these  rocks  was  probably 
due  to  a  slow  and  long  continued  force  or  series  of  forces 
acting  through  Paleozoic  time  reaching  a  culmination  near  the 
close  of  that  era,  because  the  Carboniferous  rocks  are  involved 
in  the  folding  while  the  Triassic  rocks  east  of  the  Blue  Ridge 
are  not  much  altered  or  folded.  The  folding  then  took  place 
before  the  Trias  and  in  part  after  the  Carboniferous.  It  does 
not  seem  reasonable  that  the  forces  causing  folding  came  all 
at  once  at  the  close  of  the  Paleozoic  as  formerly  so  often 
stated  to  be  the  case.  It  is  far  more  reasonable  to  suppose, 
as  Willis  pointed  out,  that  through  the  divisions  of  Paleozoic 
time  these  forces  were  at  work  and  changes  were  taking  place 
in  this  accumulating  mass  of  sediments  in  the  sinking  trough. 
The  effects  may  have  been  slight  during  a  large  portion  of  the 
time,  accentuated  at  certain  intervals,  as  at  the  close  of  the 
Silurian  and  at  the  close  of  the  Devonian,  and  finally  the  rocks 
showing  well  developed  lines  of  weakness,  initial  folds  were 
probably  started  so  that  the  major  amount  of  folding  came  at 
the  close  of  the  era  and  the  mountains  were  then  greatly  uplift- 
ed, a  period  of  time  often  described  as  the  "Appalachian  Revo- 
lution". 

The  forces  which  caused  the  original  mountain  elevation 
and  folding  were  due  to  the  readjustments  of  the  cooling  globe 
in  past  ages  whereby  strains  and  stresses  were  set  up  re- 
sulting in  the  yielding  of  the  surface  portions  along  lines  of 
weakness,  and  the  sinking  trough  of  the  Appalachians  formed 
such  a  line  of  weakness.  These  stresses  were  possibly  set  up 
by  the  adjustment  of  the  cooler  surface  crust  to  a  shrinking 
interior  mass,  or  possibly  to  the  sinking  of  old  ocean  basins 
with  a  cotemporaneous  rising  of  continental  masses  by  the 
theory  of  isostacy,  a  theory  of  continental  equilibrium  first 
advanced  by  Dutton,  but  soon  thrown  aside  as  an  improbable 
hypothesis,  and  more  recently  resurrected  as  furnishing  a  very 
probable  hypothesis  for  many  continental  histories  and  origin 
problems.  The  sinking  ocean  basin  would  cause  at  great 
depths  below  a  landward  sliding  of  softened  sediments  under 


WEST    VIRGINIA    GEOLOGICAL    SURVEY.  II9 

the  vast  pressure  involved  and  the  resistant  surface  land  areas 
would  oppose  rising  so  that  there  would  be  a  crumpling  of 
the  strata,  swelling  them  into  mountain  folds.  Which  of  the 
two  theories  is  the  true  explanation  of  the  cause  of  folding, 
it  is  impossible  to  state  and  very  possibly  both  have  been 
effective.  Observations  multiplied  over  and  over,  and  actual 
mechanical  experiments  on  layers  of  material  of  different 
textures  and  rigidity  under  applied  pressures  in  the  laboratory 
appear  to  have  established  the  fact  that  the  rock  folds  and 
faults  have  been  formed  by  horizontal  forces  or  lateral  pressure 
applied  at  right  angles  to  the  direction  of  the  fold  axes.  In 
the  Appalachians,  the  axes  of  the  folds  are  northeast-south- 
west, so  the  direction  of  the  deforming  forces  was  from  the 
northwest  or  from  the  southeast.  The  facts  observed  through- 
out the  mountain  area,  as  first  pointed  out  by  the  Rogers 
Brothers ;  namely,  the  direction  of  the  overturns  and  of  the 
thrust-faults  being  to  the  northwest,  the  folding,  faulting,  and 
alteration  of  the  rocks  under  pressure  increasing  from  west 
to  east  being  greatest  in  the  Blue  Ridge,  all  indicate  that  the 
forces  came  from  the  southeast.  There  would  be  various  local 
stresses  set  up  which  would  run  in  different  directions  causing 
some  minor  changes  in  direction  of  the  overturns  and  the  folds, 
but  these  were  probably  secondary  to  the  main  action. 

With  the  rock  folding  and  faulting  there  would  be  various 
rock  alterations  and  a  greater  or  less  degree  of  metamorphism. 
If  the  heat  and  pressure  were  sufficient,  there  would  be  a  com- 
plete alteration  of  the  rocks.  Limestones  would  become  mar- 
ble, sandstone  would  form  quartzite,  shales  would  form  roof- 
ing slate,  coal  would  become  anthracite.  In  the  eastern  Pan- 
handle area,  these  effects  are  seen,  but  not  always  complete. 
What  coal  is  found  is  in  the  form  of  anthracite  or  at  least  semi- 
anthracite.  A  number  of  the  sandstones  are  quartzites,  and 
some  of  the  shales  approach  roofing  slates  in  character,  but 
the  change  was  not  complete.  The  limestones  are  not  changed 
into  marble,  but  they  are  rendered  more  crystalline  and  brittle 
in  texture  and  in  some  cases  approach  closely  to  marble  in 
character.  Slaty  cleavage  so  characteristic  of  these  altera- 
tions is  found  imperfectly  developed  in  the  shales  or  slates  and 
to  some  extent  in  the  rocks   of  the   more   prominent  folded 
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masses.  These  alterations  are  not  as  well  advanced  in  this 
area  as  in  some  other  portions  of  the  Appalachian  Mountain 
belt,  but  they  are  sufficient  to  show  the  great  changes  pro- 
duced in  rocks  in  folded  areas. 

While  the  mountain  uplift  was  taking  place  and  in  the 
long  interval  of  time  since  the  close  of  that  uplift,  erosion  of 
the  rocks  of  the  folds  was  actively  in  progress,  and  as  de- 
scribed in  the  Chapter  on  Topography  the  area  was  reduced 
to  an  approximately  sea-level  plain  (peneplain)  a  number  of 
times  so  that  the  present  mountains  of  this  area  are  in  reality 
mountains  of  direct  uplift.  The  processes  of  erosion  removed 
the  tops  of  the  folds,  planing  them  down,  leaving,  as  it  were, 
the  roots  of  the  old  mountains  of  folding.  By  a  drawing  of 
the  present  rock  strata  with  their  dips  on  a  sheet  of  paper  and 
then  projecting  upward  the  lines  of  dip  until  the  eroded  folds 
are  completed  in  the  drawing,  an  idea  of.  the  height  of  the 
mountain  mass  without  erosion  may  be  obtained  and  would 
reach  in  some  of  the  folds  of  this  area  nearly  6,000  feet,  and 
in  other  folds  to  the  south  would  reach  five  miles,  which  also 
affords  some  idea  of  the  amount  of  material  that  has  been 
eroded  in  past  ages. 

The  present  mountain  and  valley  topography  is  due  to 
erosion,  the  varied  character  depending  on  the  nature  of  the 
rocks  and  the  amount  and  rapidity  of  erosion,  but  also  deter- 
mined in  large  part  by  the  character  and  amount  of  folding 
and  faulting  in  the  original  mountain  formation.  In  the 
normal  order,  the  upward  folds  or  anticlines  would  form  the 
mountains  and  higher  ridges,  while  the  downward  folds  or 
synclines  would  form  the  valleys ;  yet  this  order  is  often  found 
reversed  by  erosion,  and  there  result  synclinal  mountains  and 
anticlinal  valleys.  Sleepy  Creek,  Third  Hill  and  Sideling  Hill 
are  synclinal  mountains,  where  the  hard  resistant  Lower  Car- 
boniferous  (Pocono)  Sandstone  has  protected  the  ridges,  while 
the  softer  shales  around  them  have  been  eroded  away.  In 
places  also  the  valleys  are  anticlinal. 

The  rocks  of  the  Great  Valley  are  hard  limestones,  more 
or  less  resistant  brittle  masses  which  under  great  pressure  arc 
broken  into  sharp  folds  with  a  large  amount  of  faulting.  The 
Valley     has     been     so     greatly     eroded     that     now     only     the 
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upstanding  edges  of  the  strata  are  visible  and  these  project 
over  the  Valley  along  the  northeast-southwest  lines  as  promi- 
nent features  of  the  landscape  and  one  scarcely  needs  a  com- 
pass to  tell  directions  in  this  country.  These  limestones  are 
faulted  against  the  Blue  Ridge  Mountain  rock  masses,  and  on 
the  west  are  faulted  against  the  North  Mountain  rocks.  The 
amount  of  rock  disturbance  is  less  as  followed  westward  in 
the  area  and  in  western  Morgan  County  there  are  more  open 
folds  with  little  faulting,  and  overthrusts  so  common  on  North 
Mountain  become  rare  phenomena.  There  is  thus  the  decrease 
in  complexity  of  structure  and  therefore  decrease  in  strength 
of  the  deforming  forces  westward.  The  main  structure  divi- 
sions of  the  area  will  now  be  described  from  west  to  east. 

PAWPAW  ANTICLINE.— Along  the  western  border  of 
the  eastern  Panhandle  Area,  the  rocks  are  composed  mainly 
of  soft  red  sandy  shales  of  the  Catskill  and  the  sandy  shales 
of  the  Portage  and  Chemung,  with  outcrops  of  included  harder 
sandstones.  At  and  east  of  Pawpaw,  Magnolia,  Hansrote,  and 
Doe  Gully,  these  shales  dip  eastward  35  to  50  degrees,  while 
across  the  river  in  Marjdand,  they  dip  west  at  even  higher 
angles.  The  structure  in  this  part  of  the  area  is  a  broad  anti- 
cline with  steep  western  slope  and  a  less  steep  eastern  limb. 
This  fold  was  named  by  Stose  the  Pawpaw  Anticline,  which 
he  states  fades  out  north  in  Pennsylvania  where  the  Sideling 
Hill  and  Town  Hill  (Maryland)  Synclines  merge.  The  loca- 
tion of  the  axis  of  the  anticline  is  obscure  in  the  shales,  and 
the  Parkhead  Sandstone  is  repeated  along  the  anticline  by 
minor  foldings  with  four  lines  of  outcrop. 

SIDELING  HILL  SYNCLINE.— Two  or  three  miles 
east  of  the  Potomac  at  Pawpaw  and  Doe  Gully,  the  eastern 
limb  of  the  Pawpaw  Anticline  is  continued  into  a  synclinal 
basin  of  Catskill  sediments  which  incloses  remnants  of  Pocono 
rocks.  The  syncline  extends  entirely  across  Morgan  County 
northward  through  Maryland  into  Pennsylvania.  The  hard 
resistant  Pocono  Sandstones  form  two  mountain  ridges  known 
as  Purslane  Mountain  and  Sideling  Hill,  separated  by  the 
erosion  valley  of  Rockwell  Run.  This  run  valley  has  probably 
been  carved  out  of  the  overlying  Mississippian  Shales  which 
are   now   practically  all  removed   though   a  few  outcrops   of 
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overlying  shales  are  found  on  the  upper  mountain  slopes.  The 
inner  portion  of  the  two  ridges  dipping  toward  the  run  valley 
are  on  the  dip  slopes  of  the  fold,  with  dips  around  50  degrees, 
but  steeper  to  the  east  than  to  the  west.  The  outer  slopes  of 
the  ridges  are  due  to  the  erosion  of  the  sandstones  and  shales. 
The  slope  is  more  gradual  to  the  east  than  to  the  west.  On 
the  eastern  limb,  the  fold  is  in  places  overturned  with  an  east- 
ern dip.  On  the  western  limb,  the  syncline  is  broken  by  a 
minor  anticlinal  fold  which  extends  from  the  transverse  valley 
of  Rockwell  Run  southward.  At  the  north  the  syncline  is  cut 
through  by  the  Potomac,  exposing  Mississippian  rocks  on 
both  sides  of  the  river  down  to  the  water-level  which  is  nearly 
1,200  feet  below  the  even  crest  of  the  mountain,  and  near  the 
river  the  two  ridges  converge,  forming  an  open  syncline  on 
Sideling  Hill,  extending  north  across  the  river  through  Mary- 
land. Southward  the  fold  is  capped  by  the  hard  Purslane 
Sandstone  to  about  opposite  Pawpaw,  while  the  underlying 
Carboniferous  shale  and  sandstone  extend  about  one  mile  fur- 
ther south. 

A  minor  syncline  between  the  Sideling  Hill  and  Pawpaw 
folds  incloses  also  Mississippian  rocks,  forming  the  crest  of 
Spring  Gap  Mountain  at  the  Hampshire  County  Line,  about 
one  and  a  half  miles  southeast  of  Pawpaw.  This  fold  is  lost  to 
the  northward  in  the  soft  Catskill  Shales. 

CACAPON  MOUNTAIN  ANTICLINE.— At  Cacapon 
Mountain,  the  rocks  are  raised  into  a  well-defined  anticlinal 
fold  which  is  slightly  a-symmetrical.  The  western  dips  are 
greater  than  the  eastern  by  about  10  to  IS  degrees.  The 
mountain  is  capped  over  most  of  its  extent  by  the  hard 
Medina  White  Sandstone  which  forms  high  cliffs  with 
very  picturesque  scenery  as  at  Prospect  Rock  and  other 
points.  The  view  from  its  summits  reveals  a  panorama  of 
ridges  and  valleys  over  a  horizon  of  many  miles.  The  distant 
level  topped  Sideling  Hill  and  the  various  lower  peneplains 
with  a  gorge  of  the  Potomac  and  windings  of  the  Cacapon  are 
wonderfully  clear.  This  is  the  highest  mountain  in  the  area, 
gradually  rising  from  the  Potomac  near  Sir  Johns  Run  south- 
ward until  it  reaches  a  height  of  2,300  feet  above  tide. 

In    portions   of   the   ridge,    the    Clinton    Shales   and    Sand- 
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stones  have  been  preserved  in  narrow  outcrops,  but  most  of 
the  crest  and  upper  slopes  are  composed  of  hard  White 
Medina  Quartzose  Sandstone.  The  fold  dips  to  the  north  and 
disappears  north  of  the  Potomac.  On  the  western  upper  slope 
in  deep  ravines,  erosion  has  revealed  patches  of  the  underlying 
Red  Medina  Sandstone,  while  on  the  lower  slopes  the  Clinton 
and  upper  members  of  the  Silurian  are  exposed  and  often 
greatly  crumpled  by  minor  folding.  A  series  of  these  crum- 
pled minor  folds  are  well  exposed  in  the  Keefer  Sandstone 
member  of  the  McKenzie  Formation  at  the  Fluted  Rocks  on 
Cacapon  River  southeast  of  Great  Cacapon  Station.  Here  is 
a  series  of  close  anticlines  crowded  together  and  standing  out 
in  bold  relief.  This  sandstone  is  thrown  into  similar  fluted 
folds  at  several  places  to  the  south  along  the  mountain  to  near 
Rock  Ford,  but  they  are  more  concealed  by  debris  and  vege- 
tation. 

On  the  western  limb  of  this  anticline,  the  outcrop  of  resis- 
tant Oriskany  Sandstone  has  preserved  the  ridge  of  Tonolo- 
way,  which  slopes  gradually  westward  from  a  height  of  1100 
to  1200  feet,  and  slopes  steeply  to  the  Cacapon  River  on  the 
east.  Much  of  this  eastern  side  of  the  ridge  is  nearly  a  ver- 
tical wall  of  limestone  capped  with  the  Oriskany  Sandstone. 
This  erosion  ridge  extends  across  Morgan  County,  forming 
the  west  bank  of  the  Cacapon  River,  which  cuts  across  the 
ridge  at  Ziler  Ford,  and  the  ridge  is  also  cut  by  the  deep 
narrow  Potomac  gorge  at  the  north. 

The  rocks  of  this  ridge  dip  westward  60  to  75  degrees  and 
the  western  slope  is  formed  of  the  Marcellus  and  Hamilton 
Shales,  while  on  the  east  are  exposed  the  upturned  edges  of 
the  Helderberg  and  Bossardville  Limestones  to  the  river, 
whose  valley  is  excavated  in  Silurian  Shales.  From  Tonolo- 
way  Ridge  west  to  Sideling  Hill  is  the  broad  syncline  of 
Catskill  and  Portage  and  Chemung  Shales  with  minor  erosion 
ridges  capped  with  the  more  resistant  included  sandstones. 

East  of  Cacapon  Mountain  is  the  Silurian  Valley  of  Sir 
Johns  Run  to  the  Warm  Spring  Ridge,  which  is  another  Oris- 
kany Sandstone  ridge,  corresponding  to  Tonoloway  on  the 
western  limb  of  the  anticline.  The  western  slope  of  this  ridge 
is  composed  of  the  Helderberg  and  Bossardville  Limestones 
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underlain  by  the  Silurian  Shales  of  the  valley,  while  the  east- 
ern side  is  formed  of  Oriskany  Sandstone,  with  the  Devonian 
Shales  on  the  lower  slope.  The  eastern  dip  of  the  sandstone 
near  Berkeley  Springs  is  about  50  degrees,  but  further  south 
decreases  to  40  and  35  degrees,  thus  showing  the  less  eastern 
slope  of  the  anticline  as  compared  with  the  greater  western 
slope  at  Tonoloway.  The  height  of  the  two  ridges  is  about 
the  same,  1000  to  1100  feet  on  Warm  Spring  Ridge. 

If  the  outcrop  of  the  strata  be  plotted  along  the  lines  of 
their  dip  until  those  on  the  two  ridges  of  Tonoloway  and 
Warm  Spring  meet,  they  would  represent  a  mountain  mass 
5,500  feet  high  at  the  summit,  which  would  give  some  idea 
of  the  amount  of  erosion  that  has  taken  place  in  the  area 
through  the  ages  gone  by. 

East  of  Warm  Spring  Ridge  is  a  broad,  rather  shallow 
syncline  in  the  Devonian  Shales  which  contains  at  the  north 
a  minor  anticline,  bringing  in  an  outcrop  of  the  Catskill  rocks 
near  the  Potomac.  There  is  also  a  minor  anticline  in  the 
Parkhead  Sandstone  at  the  north  which  broadens  to  the  south 
and  becomes  obscure  in  the  shales,  but  is  indicated  by  the  posi- 
tion of  the  outcrops  of  the  Parkhead  Sandstone  south  nearly 
to  Stotlers  Crossroads.  In  the  southern  part  of  the  county 
near  Oakland  and  Ungers  Store,  a  small  anticline  brings  the 
Catskill  red  rocks  to  the  surface. 

MEADOW  BRANCH  SYNCLINE.— In  the  Meadow 
Branch  area  to  the  east  of  Sleepy  Creek  is  a  broad  synclinal 
fold  in  the  Catskill  Shales  and  Sandstones,  which,  like  the 
Sideling  Hill  fold,  incloses  Mississippian  strata  that  in  a 
similar  way,  by  their  resistance  to  erosion,  have  resulted  in 
the  formation  of  two  mountain  ridges — Sleepy  Creek  Moun- 
tain on  the  west,  and  Third  Hill  Mountain  on  the  east — sepa- 

i  by  the  Mississippian  shale  valley  of  Meadow  Branch. 
it  is  in  the  valley  shales  that  the  anthracite  coal  is  found,  and 
this  coal  bearing  shale  is  brought  up  on  the  rising  eastern  limb 
of  the  fold  to  near  the  top  of  Third  Hill  Mountain. 

Sleepy   Creek    Mountain   is  capped  by  the  hard  Purslane 

Sandstone    which    also   forms   its   inner  eastern  slope   and   also 

lope  of  the  western  limb  of  the  syncline.    The  sandstone 

extends  down   this  slope  almost   to  the  valley   floor,  with  an 
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eastern  dip  of  30  to  40  degrees.  The  upper  western  slope  of 
the  mountain  is  composed  of  the  softer  sandstones  and  shales 
of  the  Rockwell  division  of  the  Mississippian,  while  the  Cats- 
kill  Red  Shales  extend  well  up  the  slope.  The  soft  character 
of  these  shales  and  sandstones  has  resulted  in  rapid  erosion, 
giving  a  very  rough  western  slope,  cut  by  deep  narrow  ravines 
and  gullies,  while  the  eastern  mountain  slope  has  a  smoother 
outline  but  is  covered  with  masses  of  sandstone  boulders. 

The  inner  or  western  slope  of  Third  Hill  Mountain  is 
composed  of  the  red  and  buff  shales  with  ledges  of  sandstone 
of  the  Mississippian,  and  with  dips  of  30  to  40  degrees,  so  that 
the  fold  is  nearly  symmetrical,  much  more  so  than  the  other 
folds  of  the  region.  The  top  of  the  mountain  is  composed  of 
hard  sandstone  and  conglomerates,  while  the  upper  eastern 
slope  is  composed  of  the  shales  and  lower  sandstones  which 
over  much  of  the  mountain  are  overturned  to  the  west  so  that 
the  dip  is  apparently  east  at  high  angle,  reaching  70  to  75 
degrees.  As  these  overturned  strata  are  followed  southward, 
the  overturn  passes  into  a  minor  anticlinal  fold  in  the  Purslane 
Sandstone,  which,  east  of  the  Myers  place,  includes  a  small 
fold  of  the  coal-bearing  shale  on  top  of  the  mountain.  This 
minor  fold  seems  to  start  near  Pinkerton  Knob  and  was  not 
seen  north  of  that  point. 

The  eastern  slope  of  this  mountain  is  quite  steep  and 
covered  with  the  Purslane  boulder  debris  nearly  down  to 
the  valley,  concealing  the  underlying  rocks  to  a  large  ex- 
tent. Minor  folds  on  the  main  syncline  are  seen  at  a  num- 
ber of  places  along  the  inner  slope  of  the  mountain  on  the 
eastern  limb  of  the  syncline  above  the  Meadow  Branch 
Valley,  but  could  not  be  traced  for  any  distance  on  account 
of  lack  of  clear  rock  exposures. 

This  synclinal  structure  with  the  overturn  north  of 
Pinkerton  Knob  brings  the  coal  outcrop  near  the  creek 
valley  level  and  again  near  the  top  of  the  Third  Hill  Moun- 
tain. The  slopes  of  the  coal  seams  in  the  valley  are  30  to 
45  degrees  east,  while  near  the  top  of  the  mountain  the 
seams  are  nearly  vertical.  Borings  in  the  vertical  portions 
have  in  the  past  been  interpreted  as  giving  the  thickness  of 
the  seam  and  reached  in  some  reports  50  to  60  feet  of  sup- 
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posed  thickness  of  seams.  Other  borings  were  made  on  the 
eastern  slope  beyond  the  coal  shales  and  naturally  failed  to 
reach  any  coal.  The  failure  to  work  out  the  structure  in  ad- 
vance of  this  early  drilling  resulted  in  a  considerable  waste 
of  labor  and  money.  The  details  of  the  structure  show 
that  the  coal  does  not  pass  through  Third  Hill  Mountain  as 
was  supposed  formerly  by  prospectors  to  be  the  case.  Many 
of  the  valley  prospect  holes  are  shafts  through  the  overlying 
Myers  Red  Shales  to  the  Hedges  Coal  Shale  below,  so  that  a 
map  of  coal  holes  does  not  represent  the  outcrop  of  the  coal 
shales,  which  is  quite  narrow  in  the  valley  and  more  so  near 
the  top  of  the  mountain. 

The  hard  sandstone  of  the  Mississippian  disappears  north 
about  four  miles  south  of  the  Potomac  River  and  the  moun- 
tains there  also  die  out,  but  the  syncline  is  preserved  in  the 
red  shales  of  the  Catskill  to  the  river  and  for  some  distance 
into  Maryland.  It  is  well  marked  by  the  mountains  south  past 
the  Virginia  Line.  The  center  of  the  fold  is  east  of  Meadow 
Branch  Run  and  at  the  Potomac  is  to  the  east  of  Sleepy  Creek 
Station. 

Sleepy  Creek  Mountain  reaches  an  elevation  of  1800  feet; 
Third  Hill,  1700  feet,  while  Meadow  Branch  Valley  is  800 
feet  at  the  lower  end  and  1160  feet  at  the  Myers  place.  At 
the  north  end  near  Devils  Nose,  Third  Hill  Mountain  ends  In 
Paines  Knob,  while  an  eastern  spur,  known  as  Short  Moun- 
tain, is  separated  from  Sleepy  Creek  by  the  Meadow  Branch 
gorge. 

East  of  Third  Hill  Mountain,  the  syncline  continues  in 
the  Catskill  Shales,  with  a  minor  anticline  followed  by  a  short 
syncline  to  the  anticlinal  fold  of  Ferrel  Ridge.  The  minor 
anticline  is  not  well  defined  in  the  Devonian  Shales  to  the 
south,  but  north,  near  the  river,  about  one  mile  west  of  Cherry 
Run  Station,  it  brings  up  the  Helderberg  and  Oriskany  in  a 
narrow  outcrop,  flanked  on  both  sides  by  the  Marcellus,- 
Hamilton  Shahs.  This  Lower  Devonian  outcrop  extends  for 
about  a  half  mile  south  of  the  river  and  with  about  the  same 
width  on  the  river,  bul  to  the  north  in  Maryland  widens  out 
into  a  broad  belt. 
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FERREL  RIDGE  ANTICLINE.— Ferrel  Ridge  is  an 
anticlinal  fold  bringing  to  the  surface  the  Oriskany  Sandstone 
and  the  underlying  limestones  and  shales  in  two  separate  out- 
crops in  the  midst  of  the  Marcellus  and  Hamilton  Shales. 

Erosion  has  removed  the  top  of  the  fold  so  that  its  center 
is  composed  of  the  Wills  Creek  Limestones  and  Shales  with 
the  upper  strata  of  the  Silurian  and  Lower  Devonian  exposed 
on  each  side.  Ferrel  Ridge  lies  to  the  east  of  the  center  of 
the  fold  and  is  capped  by  the  Oriskany  Sandstone  of  the  east- 
ern limb  of  the  fold,  while  the  upper  western  slope  of  this  ridge 
exposes  the  edges  of  the  Helderberg  and  Bossardville  Lime- 
stones. The  western  limb  of  the  anticline  forms  a  low  ridge 
bordering  Tilhance  Run  and  the  edges  of  the  Oriskany,  Hel- 
derberg, and  Bossardville  are  here  again  exposed.  The  west- 
ern limb  of  the  fold  dips  35  to  40  degrees  west,  while  the  east- 
ern limb  dips  20  to  30  degrees  east. 

The  western  limb  shows  long,  narrow,  unbroken  outcrops 
of  the  formations  southward,  while  the  eastern  limb  by  fault- 
ing shows  a  duplication  of  outcrops.  The  Oriskany,  Helder- 
berg and  Bossardville  are  thus  found  in  two  separate  belts 
en  the  eastern  limb  of  the  fold  by  this  faulting,  and  a  diagonal 
shear-zone  or  fault  throws  a  belt  of  Bossardville  Limestone 
diagonally  across  the  ridge  to  the  west  of  Tomahawk. 

The  anticline  dips  northward  and  near  Soho  the  Lower 
Devonian  and  Silurian  strata  disappear  below  the  Hamilton 
Shales.  The  fold  probably  continues  north  to  the  river  in 
these  shales  for  it  is  described  by  Stose  in  Maryland  as  tne 
extension  of  the  Foltz  Anticline  traced  by  him  in  a  minor 
fold  to  the  river.  East  of  Ferrel  Ridge  is  a  synclinal  belt  of 
Marcellus  and  Hamilton  Shales,  extending  across  Back  Creek, 
with  dips  of  15  to  25  degrees,  until  it  bends  sharply  up  against 
North  Mountain.  West  of  Hedgesville,  there  is  included  a 
narrow  outcrop  of  the  Portage  Shales  which  extend  north 
toward  the  river. 

NORTH  MOUNTAIN  FAULTED  ANTICLINE.— The 
structure  in  North  Mountain  is  much  more  complicated  than 
in  the  folds  so  far  described.  It  appears  to  be  an  anticline 
whose  structure  has  been  broken  by  a  number  of  large  thrust- 
faults  so  that  the  anticlinal  structure  is  mainly  lost. 
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The  mountain  is  capped  by  the  hard  Medina  White  Sand- 
stone, almost  a  quartzite,  which  is  overthrust  with  an  appar- 
ent eastern  dip  of  30  to  35  degrees.  On  the  lower  eastern 
slope,  nearly  at  the  base  of  the  mountain,  the  Waynesboro 
Limestone  of  the  Cambrian  is  faulted  against  the  Beekman- 
town,  and  the  latter  is  faulted  against  the  Martinsburg  Shales. 
Then,  following  up  the  mountain  slope  to  its  crest  are  out- 
crops of  Red  Medina  Sandstone,  White  Medina,  and  Clinton 
Shales,  faulted  against  the  Oriskany  Sandstone  on  the  upper 
western  slope  of  the  mountain.  The  outcrops  are  greatly 
compressed  and  occur  in  very  narrow  bands. 

The  Helderberg  Limestone  and  lower  formations  are 
faulted  out  on  the  western  side  of  the  mountain,  while  the 
rock  outcrops  on  the  eastern  side  dip  strongly  eastward  as 
overturned  folds.  The  Oriskany  is  in  a  narrow  outcrop  on  the 
western  slope  and  with  the  overlying  Devonian  Shales  dips 
west  to  Back  Creek. 

Northward  the  crest  of  the  mountain  decreases  in  eleva- 
tion from  1200  feet,  southeast  of  Tomahawk,  to  600  feet,  at 
the  Hedgesville  Gap,  then  rises  to  800  feet  in  a  series  of 
elongated  narrow  hill  ridges  to  the  river.  It  is  cut  through 
at  the  Hedgesville  Gap,  at  a  point  where  the  Baltimore  and 
Ohio  Main  Line  crosses  the  ridge,  and  again  on  the  county 
road  west  from  Little  Georgetown.  The  mountain  fold  seems 
to  die  out  just  north  of  the  Potomac  River,  and  extends  south 
to  the  Virginia  State  Line.  The  mountain  is  a  very  narrow 
crested  ridge  with  steep  eastern  slope,  and  it  marks  the  west- 
ern boundary  of  the  Great  Valley. 

As  the  structure  is  followed  north  to  near  the  Hedgesville 
Gap,  the  White  Medina  and  Clinton  disappear  and  the  Red 
Medina  is  faulted  against  the  narrow  belt  of  Oriskany,  but 
north  of  the  Gap  the  White  Medina  and  Clinton  again  appear 
and  the  former  caps  the  ridge  to  the  Potomac.  At  the  gap 
where  the  railroad  crosses  the  ridge,  the  Martinsburg  Shale 
is  faulted  against  a  small  remnant  of  Helderberg  Limestone 
and  in  a  shorl  distance  this  limestone  is  faulted  out  and  the 
Martinsburg  Shale  lies  against  the  Hamilton  Shales.  Still 
further  north  the  Martinsburg  Shale  is  faulted  out,  and  at  the 
of  the  li'l^c  the   Beekmantown  Limestone  has  also  dis- 


PLATE  IX. — Purslane  Sandstone  Cliffs  Exposed  on  the  Devils  Nose  up 
Meadow  Branch  Run.  (Photo  from  Pawpaw-Hancock  Folio  of  the  U. 
S.  Geological  Survey). 
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appeared,  so  that  at  the  Potomac,  the  Conococheague  Lime- 
stone is  faulted  against  the  Elbrook.  There  is  thus  a  north 
ward  increase  in  the  amount  of  the  overthrust. 

VALLEY  STRUCTURE.— The  limestones  of  the  Great 
Valley  east  of  North  Mountain  and  west  of  the  Blue  Ridge 
are  thrown  into  a  series  of  compressed  folds — anticlines  and 
synclines — with  numerous  faults,  and  the  strata  are  often  over- 
thrust.  Nearer  the  mountains  the  folds  are  more  open,  due 
possibly  to  relief  in  pressure  there  by  faulting,  according  to 
Keith. 

This  folding  results  in  duplication  of  outcrops,  as  illus- 
trated in  the  belts  of  Stones  River  pure  Limestone  in  the 
Martinsburg  District.  These  folds  are  described  in  Chapter 
XV.  The  Martinsburg  Shales  are  found  in  well-defined  syn- 
clines which  troughs  extend  north  across  Maryland  into  Penn- 
sylvania, and  south  into  Virginia  in  the  Massanutten  Syn- 
cline.  The  Blue  Ridge  is  an  area  of  extensive  overthrust  fault- 
ing, with  a  development  of  minor  synclines  on  its  flanks. 

PREVIOUS  GEOLOGICAL  WORK  ON  THE  EASTERN 
PANHANDLE  AREA. 

A  number  of  geological  observations  have  been  made  in 
the  area  of  the  three  counties  forming  the  eastern  Panhandle 
Area  and  recorded,  and  some  portions  of  the  area  have  been 
studied  in  considerable  detail.  Most  of  these  early  records  are 
journals  of  travellers  in  which  they  called  attention  to  the 
scenery,  caves,  and  other  natural  curiosities.  There  are  a 
number  of  such  articles  in  the  scientific  and  literary  publica- 
tions of  the  early  days. 

In  July,  1812,  Samuel  L.  Mitchel  recorded  some  notes  on 
the  Harpers  Ferry  region  in  Bruce's  Mineralogical  Journal  for 
that  year  (p.  211)  and  describes  especially  the  Government 
Arsenal  then  in  operation,  and  calls  attention  to  the  gorge  of 
the  Potomac  which  he  regarded  as  formed  by  accumulated 
waters  behind  the  mountain  barrier  in  the  form  of  a  large  lake 
and  finally  breaking  through  the  barrier.  He  also  briefly  de- 
scribes the  rocks  of  the  Blue  Ridge. 

W.  B.  Rogers  was  Director  of  the  Geological  Survey  of 
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Virginia  from  1835-1841,  and  in  his  report  for  the  year  1835 
(Reprint,  p.  92)  described  the  Valley  of  Virginia  and  the 
natural  cement  rock  at  Shepherdstown  which  he  found  to  con- 
tain nearly  one-third  its  weight  in  alumina.  He  called  special 
attention  to  the  value  of  the  limestones  and  marls  as  found  in 
Jefferson  County  for  use  on  lands  as  fertilizer.  He  states  thai 
the  marls  can  be  burned  or  used  directly  as  fertilizer  and  says 
that  "under  these  views,  I  would  urge  upon  those  who  are 
particularly  interested  in  the  success  of  agriculture  in  the 
Valley,  the  benefits  to  be  anticipated  from  the  diligent  use  of 
the  various  resources  so  abundant  and  accessible  throughout 
this  portion  of  the  State."  He  also  called  attention  to  the  iron 
ores  of  the  Valley  and  mentions  the  coal  on  Sleepy  Creek 
which  contains  4.94  per  cent,  of  ash. 

In  his  annual  report  for  1836,  he  gave  an  analysis  of  the 
cement  rock  at  Shepherdstown,  with  32.17  per  cent,  lime  car- 
bonate, 18.36  per  cent,  magnesium  carbonate,  38.93  per  cent, 
silica,  and  4.17  per  cent,  alumina  and  iron.  In  his  report  for 
1837,  he  gives  analyses  of  limestones  near  Harpers  Ferry 
and  Charlestown  and  correlates  the  Valley  Limestone  with  his 
No.  II  Formation  and  the  slates  and  slaty  sandstones  as  No. 
III. 

In  his  report  for  1838,  he  describes  the  Valley  Limestone  as 
extending  southward  from  the  Potomac  in  two  belts  separated 
by  an  intervening  tract  of  variable  width  of  shales  which  is 
found  in  a  synclinal  basin.  He  distinguished  two  important 
limestones,  the  dark-blue  of  fine  grain  and  smooth  fracture, 
and  the  dun-colored  limestone  of  very  close  grain  and  semi- 
conchoidal  fracture  and  purer  than  the  first  type,  and  also  a 
third  type  of  magnesian  cement  limestone.  In  this  report  he 
mentions  a  deposit  of  hydraulic  limestone  on  Conoloway  (Ton- 
oloway)  I  lill  on  the  Potomac,  used  for  cement  on  the  C.  & 
1  '  Canal.  He  also  discusses  the  origin  of  the  limestone  iron 
ores,  the  coal  of  Sleepy  Creek  Mountain  and  briefly  the  geol- 
ogy of  Little  Xortli  Mountain.  In  the  reports  for  the  next 
line,    years,  there  is  practically  nothing  on  this  area. 

1876.— In  1876,  M.  F.  Maury  and  Wm.  M.  Fontaine  pub- 
lished for  the  Slate  Board  of  Centennial  Managers  "Resource." 
of    Wesl    \  irginia",    in    which    the    coal    of    Meadow    I'.ranch    is 
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described,  the  topographical  features  of  this  area,  and  agricul- 
tural statistics.  The  geological  formations  of  the  State  are 
discussed  briefly  and  reference  made  to  the  lower  fossil  strata 
of  the  eastern  Panhandle  Area.  The  mineral  resources  are 
also  mentioned  as,  iron  ores,  pottery,  glass  sands,  limestones, 
and  mineral  springs. 

1877. — Persifor  Frazer,  in  the  Proceedings  of  the  Academy 
of  Natural  Sciences  (Vol.  XXIX,  p.  16),  gave  a  brief  descrip- 
tion of  the  Meadow  Branch  Coal  Field  and  stated  the  coal 
resembled  some  of  the  Schuylkill  anthracite  and  gave  an 
analysis  of  it  showing  86.78  per  cent,  free  carbon,  7.66  per 
cent,  volatile  matter,  and  5.35  per  cent.  ash. 

1880. — Hotchkiss  in  1880  in  "The  Virginias"  described  the 
resources  along  the  line  of  the  Shenandoah  Valley  Railroad, 
now  the  Norfolk  and  Western. 

1890. — Dr.  I.  C.  White  in  Macfarlane's  American  Geolog- 
ical Railroad  Guide  (p.  340)  briefly  describes  the  formations 
from  Harpers  Ferry  through  these  three  counties  using  the 
New  York  nomenclature. 

1891. — H.  R.  Geiger  and  Arthur  Keith  published  a  papei 
in  the  Bulletin  of  the  Geological  Society  of  America  (Vol.  IT 
pp.  155-164)  on  The  Structure  of  the  Blue  Ridge  near  Harpers 
Ferry,  in  which  they  reached  the  conclusion  that  the  sand- 
stones near  Harpers  Ferry  are  Upper  Silurian  and  lie  in  syn- 
clinal troughs  above  the  Shenandoah  Limestone  and  that  they 
consist  of  two  members. 

1892. — N.  H.  Darton  in  the  American  Geologist  (Vol.  X, 
p.  13)  proposed  the  names  Martinsburg  Shales  and  Shenan- 
doah Limestone  for  these  formations  as  found  in  the  Valley  of 
Virginia  and  describes  the  rock  and  fossil  characters  of  the 
two  groups. 

1894. — In  this  year  Arthur  Keith  published  an  article — 
'Geology  of  the  Catoctin  Belt" — in  the  14th  Annual  Report  of 
the  U.  S.  Geological  Survey  (pp.  285-395)  which  treated  of 
the  general  geology  of  the  Harpers  Ferry  Quadrangle.  He 
described  the  various  rock  formations  with  a  discussion  of 
their  lithology  and  age  and  the  mountain  structures.  He  de- 
scribes the  folds  of  the  Shenandoah  Valley  as  very  uniform, 
being  closely  appressed  with  probably  few  faults.     Cleavage 
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was  rare  in  the  limestones  but  developed  in  the  slaty  lime- 
stones and  shales.  He  described  the  base-levels  of  erosion  and 
the  evidences  of  depression  and  uplift  with  geological  dates  of 
these  movements. 

In  this  same  year,  he  published  the  geological  Folio  of  the 
Harpers  Ferry  Quadrangle,  which  gives  in  more  detail  the 
discussions  included  in  the  above  paper,  with  maps  showing 
the  areal,  economic,  and  structural  geology  (Folio  No.  10). 

1900. — In  this  year  Charles  H.  Prosser  in  the  Journal  of 
Geology  (Vol.  8,  pp.  655-663)  published  an  article  on  The 
Shenandoah  Limestone  and  the  Martinsburg  Shale,  in  which 
he  described  some  sections  east  of  Martinsburg  made  in  the 
upper  portion  of  the  limestone  and  lower  part  of  the  shales. 

From  his  study  of  these  sections  he  concluded,  "There 
seems  to  be  no  question  but  that  the  upper  part  of  the  Shenan- 
doah Limestone  is  correctly  correlated  with  the  Trenton  Lime- 
stone, and  the  lower  part  contains  Cambrian  fossils,  but  the 
line  of  division  is  not  yet  determined."  He  also  regarded  the 
bluish  to  black  calcareous  shales  just  above  the  limestones  as 
representing  the  Utica  Shale  of  New  York,  while  the  sandy 
part  of  these  shales  he  would  correlate  with  the  Hudson 
Shales  as  exposed  in  the  lower  Mohawk  Valley  and  in  the 
Helderberg  region. 

1903. — In  this  year,  Wm.  Griffith,  Mining  Engineer,  pub- 
lished in  Mines  and  Minerals  (Feb.  1903,  pp.  293-294)  an 
account  of  the  Meadow  Branch  Coal  Field  of  Morgan  and 
Berkeley  Counties.  He  described  the  topography,  geology, 
and  structure  of  the  field,  and  the  character  of  the  coal  and 
outcrops,  and  reached  the  conclusion  that  the  coal  of  this  field 
was  pockety,  uncertain  in  continuity  and  thickness,  witli  a 
low  economic  value.  This  paper  is  reproduced  in  full  in  the 
1 '  ports  "ii  (  oal  of  the  West  Virginia  Geological  Survey. 

In  this  same  year  appeared  the  Coal  Report  of  the  West 
\  irginia  Geological  Survey,  Volume  II,  by  Dr.  I.  C.  White, 
in  which  he  quotes  Mr.  Griffith's  paper  and  agrees  with  his 
conclusions.  Dr.  While  suggests  thai  in  the  remote  future 
when  Hi'  Pennsylvania  anthracite  is  largely  exhausted,  it  may 
he  possible  i"  mine  these  crushed  and  irregular  beds  of  anthra 
cite,  hut  thai  time  is  probablj   many  years  in  (he  Future. 
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In  this  year,  1903,  M.  R.  Campbell  published  an  account 
of  the  Meadow  Branch  Coal  Field  in  the  U.  S.  Geological 
Survey,  Bulletin  225  (pp.  33  and  344).  He  gives  sections  of 
the  coal  in  the  shafts,  analyses,  and  a  discussion  of  the  geology 
and  structure  of  the  field.  He  advised  that  any  commercial 
development  of  the  field  should  be  as  near  the  center  of  the 
basin  as  it  is  possible  to  locate,  as  the  crushing  would  be  less 
there  than  on  the  eastern  limb  of  the  syncline.  The  fossils 
collected  by  him  showed  the  formation  to  be  typical  Pocono 
and  he  regards  the  coal  as  a  semi-anthracite  rather  than  a  true 
anthracite. 

1904. — In  this  year  a  report  was  published  by  the  State  to 
advertise  the  resources  of  the  State  at  the  Louisiana  Purchase 
Exposition  at  St.  Louis  and  entitled  "Handbook  of  West 
Virginia".  In  this  book  are  given  details  on  education,  for- 
estry, climate,  agriculture,  manufacturing,  transportation,  and 
mining.  The  report  is  mainly  a  compilation  from  various 
sources,  and  it  includes  many  items  of  interest  in  this  area. 
Not  much  is  said  of  the  mineral  resources  except  the  lime- 
stone and  a  brief  mention  of  the  coal  on  Meadow  Branch. 

1905. — In  this  year  was  issued  Volume  III  of  the  West 
Virginia  Geological  Survey  by  the  writer  on  Clays,  Lime- 
stones, and  Cement.  In  this  Report,  the  limestones,  clays,  and 
iron  ores  of  the  eastern  Panhandle  Area  are  described  with 
analyses  and  a  discussion  of  the  development  of  the  industries. 
The  opportunities  for  further  development  were  pointed  out 
and  attention  was  especially  called  to  the  natural  advantages 
in  this  area  for  Portland  cement  manufacture. 

In  this  year,  George  W.  Stose  of  the  U.  S.  Geological 
Survey  published  an  article  on  the  Glass  Sand  Industry  in 
Eastern  West  Virginia,  in  Bulletin  265  of  the  U.  S.  Geological 
Survey  (pp.  473-479).  In  this  paper  he  described  the  geology 
of  the  Berkeley  Springs  glass  sand  deposits,  the  character  of 
the  rock,  and  a  description  of  the  plants,  their  equipment,  and 
quarries. 

1906. — In  this  year,  T.  Nelson  Dale  published  Bulletin  275 
of  the  U.  S.  Geological  Survey  on  Slate  Deposits  and  the  Slate 
Industry  of  the  United  States  in  which  a  short  account  of  the 
so-called  roofing  slate  near  Martinsburg  is  discussed  (pp.  119- 
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122).  This  article  is  reprinted  in  Volume  IV  of  the  West  Vir- 
ginia Geological  Survey  (pp.  392-396).  He  gave  the  length  of 
the  slate  belt  as  14  miles  with  width  of  two  to  three  miles^  and 
described  the  slates  and  prospect  openings.  He  found  them 
to  be  clay  slates  hardly  fissile,  strong,  or  elastic  enough  to 
compete  with  mica  slates  for  roofing,  but  possibly  adapted  to 
interior  use.  He  includes  a  discussion  of  their  microscopic 
srructure  and  chemical  composition. 

1908. — In  this  year  was  published  Volume  11(A),  the  Sup- 
plementary Report  on  Coal  by  the  West  Virginia  Geological 
Survey,  written  by  Dr.  I.  C.  White,  in  which  he  again  quotes 
Mr.  Griffith's  article  on  the  Meadow  Branch  Coal  Field,  and 
finds  no  additional  data  in  favor  of  any  present  economic  value 
of  this  field. 

In  this  year,  George  W.  Stose  of  the  U.  S.  Geological  Sur- 
vey published  a  paper  in  the  Journal  of  Geology  (Vol.  16,  pp. 
698-714)  on  the  Cambro-Ordovician  Limestones  of  the  Appa- 
lachian Valley  in  Southern  Pennsylvania.  This  paper  treats 
especially  of  the  rocks  as  exposed  in  the  Mercersburg  and 
Chambersburg  Quadrangles  of  Pennsylvania,  but  his  general 
descriptions  of  the  limestones  of  that  area  find  close  applica- 
tion to  the  eastern  Panhandle  belt.  He  also  gives  a  list  of 
fossils  from  the  Stones  River  Limestone  collected  near  Mar- 
tinsburg. 

1909. — In  this  year,  Stose  published  the  Mercersburg- 
Chambersburg,  Pennsylvania,  Folio  of  the  U.  S.  Geological 
Survey,  in  which  the  discussion  of  the  preceding  article  is 
given  in  more  detail  with  various  references  to  the  limestones 
of  this  area. 

In  this  year  the  writer  published  Volume  IV  of  the  West 
Virginia  Geological  Survey  on  Iron  Ores,  Salt,  and  Sand- 
stones. In  this  volume,  the  iron  ores  of  Berkeley,  Morgan, 
and  Jefferson  Counties  are  described,  with  analyses,  and  Mr. 
Dale's  slate  article  referring  to  the  Martinsburg  area  is  re- 
printed by  courtesy  of  the  U.  S.  Geological  Survey. 

In  I  his  year  the  Virginia  Geological  Survey  published  a 
bulletin  (Bulletin  II  A.)  on  the  Cement  Resources  of  Virginia, 
written  by  R.  S.  Bassler,  in  which  a  number  of  references  to 
)h<-  Wesl  Virginia  formations  arc  made. 
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1912. — In  this  year  George  W.  Stose  and  C.  K.  Swartz 
published  the  Pawpaw-Hancock  Folio  of  the  U.  S.  Geological 
Survey  (No.  179)  which  includes  the  northern  portions  of 
Morgan  and  Berkeley  Counties.  This  report  gives  a  general 
description  of  the  stratigraphy,  topography,  structure,  and 
economic  resources  of  the  area,  and  is  accompanied  by  maps 
showing  these  features.  It  is  the  most  detailed  and  valuable 
discussion  of  the  geology  of  the  area  so  far  available. 

1913. — In  this  year  the  Maryland  Geological  Survey  pub- 
lished its  monograph  in  three  volumes  on  the  Devonian. 
While  this  report  refers  especially  to  Maryland,  it  applies 
almost  equally  well  to  this  area  and  many  sections  and  collec- 
tions of  fossils  were  made  on  the  West  Virginia  side.  For  the 
stratigraphy  and  paleontology,  this  report  makes  a  valuable 
contribution  to  the  knowledge  of  the  eastern  Panhandle  Area. 


CHAPTER  V. 


THE  POCONO  GROUP  OF  THE  LOWER 
CARBONIFEROUS. 


The  Carboniferous  division  of  geological  time  is  divided 
into  three  groups  as  previously  given.  The  Permian  and 
Pennsylvanian,  v\diich  latter  includes  the  bituminous  coal  fields 
of  the  western  portion  of  the  State  and  other  States,  are  not 
represented  in  the  eastern  Panhandle  Area. 

The  Lower  Carboniferous,  being  below  the  regular  Coal 
Measures,  was  also  named  the  Sub-Carboniferous,  and  from 
iti"  great  development  in  the  Mississippi  Valley  is  now  gener- 
ally known  as  the  Mississippian  Formation.  The  basal  forma- 
tion of  the  coal  measure  group  is  usually  a  heavy  conglom- 
erate, and  the  lower  measures  were  called  in  some  of  the  early 
reports  the  Sub-Conglomerate  Measures.  The  Mississippian 
group  is  separated  into  three  well-marked  and  distinct  divi- 
sions : 

Mauch   Chunk  Shales. 

Greenbrier  Limestone. 

Pocono  Sandstones. 

The  first  two  divisions  are  important  rocks  in  the  Car- 
boniferous geology  of  West  Virginia  and  neighboring  States, 
but  they  are  not  found  in  the  eastern  Panhandle  Area,  while 
the  Pocono  occurs  there  in  two  mountain  areas. 

I  he  name  Pocono  was  given  to  this  group  by  J.  P.  Lesley, 
the  greal  Pennsylvania  geologist,  on  account  of  tin-  good  ex- 
posures in  the  Pocono  .Mountains  of  thai  State.  It  was  also 
known  and  designated  by  the  geologists  of  the  Pennsylvania 

Formation     Mo.    X,    and    it    was    also    described    by 

i     under  the  poetic  name  of  Vespertine.     It  was  studied 


WEST    VIRGINIA    GEOLOGICAL    SURVEY.  1 37 

in  detail  by  the  various  geologists  of  the  Pennsylvania  Survey, 
some  of  whose  sections  will  be  quoted  in  a  later  portion  of 
this  Chapter.  While  the  formation  lies  well  below  the 
so-called  Coal  Measures,  yet  it  in  places  contains  coal  seams 
valuable  in  certain  fields  at  the  north,  and  so  holds  the  oldest 
coals  known.  Most  of  the  seams  are  small  and  very  slaty,  but 
the  black  blossom  outcrop  mingled  often  with  quite  a  good 
thickness  of  very  black  shales  in  localities  more  or  less  remote 
from  coal  supply  has  tempted  capital  and  exploitation  which 
have  nearly  always  resulted  in  loss  and  failure  often  repeated 
in  a  series  of  investment  cycles.  This  series  of  bad  invest- 
ments in  coal  is  illustrated  in  the  present  area  and  further 
south  in  Virginia,  dating  back  to  the  early  "forties"  and  dating 
forward  to  the  present. 

The  Pocono  outcrops  along  the  mountains  of  the  eastern 
portion  of  West  Virginia  here  and  there  from  the  Maryland 
Line  at  the  Potomac  to  the  southern  part  of  the  State,  and  it 
is  found  beneath  the  surface  over  the  central  and  western  por- 
tions of  the  State  in  the  well  borings  and  it  is  there  the  great- 
est single  source  of  oil  and  gas  stored  in  its  several  sandstones. 
Lesley  describes  it  as  the  great  source  of  salt  brines,  but  was 
in  error  in  placing  the  Ohio  Valley  brines  in  this  formation  as 
they  come  in  the  Pottsville  above. 

The  Pocono  is  for*  \  in  the  eastern  Panhandle  area  in 
the  Purslane-Sideling  Hill  area  in  Morgan  County,  and  in  the 
Sleepy  Creek-Third  Hill  Mountain  area  of  Berkeley  County. 
The  latter  area  is  usually  described  from  its  included  valley  as 
the  Meadow  Branch  outcrop. 

The  formation  in  this  eastern  section  consists  of  a  lower 
group  of  shales  and  soft  buff  sandstone  strata  which  grade 
below  into  the  underlying  Catskill,  and  above  into  a  hard  white 
sandstone  and  conglomerate  which  forms  the  top  of  the  moun- 
tain in  the  Purslane  and  Sideling  Hill  area.  In  the  Meadow 
Branch  synclinal  valley,  the  hard  white  sandstone  is  over- 
lain by  a  belt  of  buff  to  gray  shales  with  black  coaly  shales  or 
slates  containing  anthracite  coal  seams  of  variable  thickness. 
Over  the  coal  shales  is  a  heavy  deposit  of  red  shales  and  red 
sandstones  which  follow  the  rising  side  of  the  syncline  to  the 
top  of  the  mountain  eastward,  and  it  is  capped  by  a  hard  white 
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sandstone  and  well-developed  conglomerate  which  forms  a  por- 
tion of  the  crest  of  Third  Hill  Mountain.  The  bright  red 
shales  of  this  section  suggest  the  Mauch  Chunk,  but  fossil 
plants  found  in  the  upper  sandstone  formation  were  deter- 
mined to  be  Pocono  in  age.  The  fossil  plants  and  the  litho- 
logical  characters  correlate  the  whole  formation  with  the  Po- 
cono. It  is  interesting  to  note  that  Professor  Rogers  in  those 
early  days  of  state  geological  work  in  1838  in  a  rapid  recon- 
naissance survey  through  a  practical  wilderness  correctly  cor- 
related the  Meadow  Branch  strata  with  his  Vespertine  or,  as 
it  was  later  called,  Pocono.  He  states  in  that  early  report  for 
the  year  1838  (Geology  of  the  Virginias,  p.  225)  : 

"It  has  now  been  ascertained  beyond  a  doubt  that  the  coal  in 
question  does  not  appertain  to  that  part  of  our  series  of  formations 
in  which  are  contained  the  anthracite  of  Pennsylvania  and  the  bitu- 
minous coal  of  western  Virginia  and  Pennsylvania,  and  of  the  great 
western  coal  field  in  general,  but  that  they  are  of  much  anterior  pro- 
duction, being  included  in  the  tenth  of  our  series  of  formations, 
whereas  the  others  are  contained  in  the  thirteenth.  A  great  thick- 
ness of  slates,  sandstones,  and  sometimes  limestones  corresponding 
to  formations  XI  and  XII,  intervenes  between  the  two  series  of  coal 
deposits,  the  lowest  of  which,  that  appertaining  to  X,  having  been, 
as  it  were,  but  a  first  effort,  soon  arrested,  and  productive  only  of 
one  or  two  thin  seams." 

Rogers  also  determined  at  this  early  date  the  synclinal  and 
overturned  structure  of  the  region  and  expressed  the  opinion 
that  the  coals  on  account  of  their  fragmentary  condition  and 
slate  admixture  "could  scarcely  prove  of  much  value  in  the 
market,  being  unfit  for  the  grate  and  most  other  purposes  to 
which  this  class  of  coals  is  commonly  applied." 

This  area  has  attracted  more  or  less  attention  from  the 
days  of  Professor  Rogers  to  the  present  as  a  possible  economic 

ource  of  anthracite  coal  many  miles  southward  from  the  great 
Pennsylvania  fields.  Large  sums  of  money  have  been  expend- 
ed  in  exploration  work  and  at  various  times  hopes  have  run 
high  on  the  possible  profits  of  this  held.  A  railroad  was  sur- 
d  up  the  Meadow  Branch  and  the  title  of  all  the  valley  and 
mountain  lands  to-day  is  held  by  a  coal  corporation.  Shafts 
and  pits  have  been  sunl<  in  numerous  places  and  coal  was 
mined  and  hoisted  by  power  iY<>m  shafts,  hut   unfortunatel) 

"  far,  Hi-'  operations  have  been  a  total  loss,     h  is  also  unfor- 
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tunate  for  the  geologist  that  these  openings  have  caved  in  and 
that  the  shafts  are  full  of  water. 

The  geological  sections  of  the  regions  as  indicated  above 
show  a  five-fold  division.  At  the  base  is  the  sandstone  ana 
shale  group,  then  the  sandstone,  then  the  coal  shale  group,  the 
red  shale  and  red  sandstone  group,  and  at  the  top  the  white 
sandstone  and  conglomerate.  The  Pocono  subdivisions  in 
northern  Pennsylvania  were  named  and  the  groups  traced 
under  these  names  over  a  wide  area,  but  even  there  they  were 
not  followed  eastward  and  southward.  The  West  Virginia 
section  is  isolated  from  all  the  northern  sections  so  that  it  is 
impossible  to  correlate  with  them  and  a  new  set  of  descrip- 
tive terms  is  required.  Stose  in  his  work  for  the  U.  S.  Geo- 
logical Survey  on  the  Pawpaw-Hancock  Quadrangles,  which 
includes  the  northern  portion  of  this  area  and  the  adjoining 
area  in  Maryland,  gave  names  to  these  subdivisions  from  lo- 
calities where  especially  good  exposures  were  found,  and  these 
names  are  adopted  for  the  local  description  of  these  formations 
in  this  Chapter.  Mr.  Stose  has  given  an  admirable  and  com- 
plete description  of  the  Pocono  in  this  area  in  his  report  and 
it  is  impossible  to  avoid  more  or  less  restatement  of  his  work 
in  the  following  descriptions  and  he  should  be  given  due  credit 
for  the  careful  separation  of  the  formations.  His  subdivisions 
from  bottom  upward  are  : 

Rockwell    Formation. 

Purslane   Sandstone. 

Hedges  Shale. 

Myers  Shale.     (Pulaski  of  M.  R.  Campbell?) 

Pinkerton  Sandstone. 

The  description  of  these  formations  in  this  area  will  now 
be  given,  followed  by  notes  on  comparison  and  possible  cor- 
relation with  sections  in  other  areas. 

ROCKWELL  FORMATION. 

The  basal  buff  shales  and  soft  buff  sandstones  are 
grouped  under  the  name  Rockwell  from  the  exposures  on 
Rockwell   Run,   whose   valley   separates    Purslane    Mountain 
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from  Sideling  Hill,  and  in  its  transverse  lower  portion  cuts 
across  the  strata  at  the  north  end  of  Purslane  Mountain,  ex- 
posing a  good  section  of  the  formation  southeast  of  Orleans 
Crossroads.  The  formation  there  consists  of  buff  shales,  coal 
seams,  buff  coarse-grained  soft  sandstone  ledges  with  a  heavy 
sandstone  cliff  at  the  base  somewhat  conglomeratic.  Its  upper 
limit  is  placed  at  the  hard  white  sandstone.  The  lower  limit  is 
somewhat  hard  to  define  but  it  is  here  placed  at  the  base  of 
the  sandstone  which  shows  some  conglomerate  and  is  just 
above  the  typical  red  shales  of  the  Catskill. 

This  section  is  somewhat  obscured  by  the  blocky  sand- 
stone debris  from  the  upper  slopes  of  the  mountain,  and  it 
can  not  be  given  in  the  detail  desired : 

Section  at  Rockwell  Run,  Morgan  County. 

Feet. 

Buff  and  red  shales 35 

Buff   shales 70 

Buff  sandstone,  somewhat  shaly 70 

Buff    shales 140 

Buff  shales,  sandy 105 

Blocky   buff   sandstone .*. .   50 

Buff  shales  and  sandstone  ledges 175 

Black   slate   and   coal   seam 

Buff  granular  sandstone  cliff,  some  conglomerate....   70     715 

Red   shales,   etc.,   Catskill 

The  ledges  of  sandstone  show  a  tendency  to  weather  into 
shaly  layers,  so  that  alternation  of  shales  and  sandstones  de 
pends  on  the  locality  and  amount  of  weathering.  Here  and 
there  through  the  section  occur  patches  of  red  shales  like  the 
lower  formation,  but  they  are  of  small  extent.  The  shales  are 
quite  sandy  and  tend  to  break  in  platy  blocks  of  small  size. 
This  section  was  measured  oxer  a  length  of  slope  of  a  mile  and 
by  barometer  readings  carefully  checked  and  may  be  taken  as 
showing  an  approximate  order  of  (be  strata. 

The  coal  in  iliis  section  was  opened  in  a  tunnel  running 
from  the  run  back  into  tin-  mountain  a  little  cast  of  north  for 
;i  distance  of  50  feet  or  more,  but  this  lias  lone  since  caved  and 
can  not  be  examined  with  any  results,  though  it  was  claimed 
the  coal  had  a  thickness  ol  three  feet.    The  dump  is  composed 
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of  slabs  of  micaceous  sandstone,  hard  compact  gray  blocks  of 
shale  and  some  softer  platy  black  slates  with  plant  remains  in 
them,  but  no  good  coal  was  found  on  or  near  the  dump,  nor 
near  the  old  tunnel.  Some  slickensided  coaly  black  pieces  of 
slate  were  seen,  yet  it  is  claimed  in  this  neighborhood  that  the 
coal  was  mined  and  burned  in  stoves  giving  good  heat.  Re- 
cently a  square  shaft  has  been  sunk  vertically  twenty  feet  to 
intersect,  the  coal  in  the  old  tunnel.  This  shaft  is  located  on 
the  point  of  a  spur  of  the  hill  near  a  deep  ravine,  and  while  it 
is  probably  down  to  the  tunnel  level,  no  coal  or  even  slate  is 
found  but  only  loose  sandstone  and  clay  debris,  as  though 
located  on  a  slip  of  the  mountain  slope.  Stose  found  this  coal 
exposed  north  in  Maryland  where  it  has  a  thickness  of  one  and 
a  half  feet  of  coal  and  black  shale.  He  states  the  bed  was 
composed  of  thin  sheets  of  slickensided  coal  and  black  car- 
bonaceous shale.  The  coals  of  the  Rockwell  Formation  are  in 
all  probability  merely  streaks  of  thin  coal  and  black  shales  and 
of  no  economic  importance. 

In  the  carbonaceous  black  shales  in  Rockwell  Run,  Stose 
found  the  following  fossil  plants  as  identified  by  David  White, 
who  referred  them  to  the  Pocono  Formation : 

Eskdalia. 

Lepidodendron  n.  sp. 
Megaspores. 

The  following  plants  were  collected  here  by  the  writer 
and  identified  by  David  White: 

Lepidodendron  sp.    ? 

Eskdalia. 

Sphenopteris    vespertina. 

Several  sections  of  the  Rockwell  Formation  were  mea- 
sured, but  in  all  of  them  the  strata  are  much  obscured  by  the 
debris  of  the  overlying  heavy  sandstone  and  while  they  repre- 
sent the  thickness  of  the  rocks  in  different  portions  of  the  area, 
they  are  not  at  all  successful  in  tracing  the  different  parts  of 
the  section  from  place  to  place.  All  the  sections  given  in  this 
Chapter  were  measured  with  the  slope  and  the  thickness  cal- 
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culated  by  trigonometric  formulas  based  on  the  angle  of  slope 
and  the  angle  of  dip. 

Section  Sideling  Hill  on  Orleans  Road. 

Feet. 

Purslane    cliffs 

Buff  shales  and  soft  sandstone 135 

Soft  buff  sandstone 30 

Buff  shales,  sandstone,  red  shales 75 

Buff  sandstone,    coarse-grained 30 

Flaggy  buff  sandstone  and  shales 108 

Yellow  nodular   shales 54 

Buff  sandy  shales 162 

Buff  sandstone 55     649 

Shaly  reddish  sandstone  of  Catskill 

This  section  was  taken  one  and  three-fourths  miles  further 
on  Rockwell  Run  and  along  the  road  over  the  mountain  from 
Orleans  Crossroads.  It  shows  a  less  thickness  by  66  feet,  but 
the  relation  of  shales  and  sandstones  is  similar  with  a  heavy 
sandstone  at  the  base  of  both  sections.  No  trace  of  the  coal 
shale  was  seen.  Following  this  road  across  to  the  east  slope 
of  the  mountain,  the  thickness  was  measured  as  528  feet, 
showing  a  marked  decrease  in  thickness  on  the  east  slope 
where  the  Rockwell  belt  is  much  more  narrow  than  on  the 
west. 

Section  of  Rockwell  Formation  above  Lineburg. 

Feet. 
Cliff,  white  sandstone,  some  pebbles,   Purslane...... 

Buff  and  some  red  shales 75 

Buff  sandstone  and  shales 180 

Sandstone,    coarse-grained,    and    shale 50 

Red  and  buff  shales 80 

Greenish-gray    prismatic    shale 35 

Muff  sandstone  with  scattered  pebbles 50     470 

Keel    shales    of   Catskill 

This  '  *  tion  was  taken  one  and  three  fourths  miles  Further 
north  on  Sideling  llill  above  the  railroad  back  of  Lineburg 
Station   and   shows  a   further  thinning  of  the  strata,  but   with 

the  heavy  sandstone  al  the  base  which  above  the  railroad  cut 
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outcrops  as  a  solid  ledge  curving  in  a  minor  fold  on  the  syn- 
clinal mountain.  No  trace  of  the  coal  shale  was  found  but  it 
is  probably  covered  by  the  weathered  shales.  The  thinning 
of  the  section  shown  is  either  local  or  due  to  error  in  measure- 
ment as  the  dip  was  not  clear  except  at  the  top  of  the  moun- 
tain, for  Stose  measured  a  section  to  north  of  the  river  at 
Maryland  where  the  thickness  was  541  feet  with  the  following 
strata  (Pawpaw-Hancock  Folio,  p.  98)  : 

Section  of  Rockwell  Formation,  Sideling  Hill,  North  Bank  of 
Potomac  River  (Stose). 

Feet. 
Flaggy     cross-bedded     sandstone     stained     reddish, 

base  of  Purslane  Sandstone 

Poorly  exposed  buff  to  brown  shale  and  tough 
hackly  greenish  sandstone,  with  some  reddish 
shale     containing     small     quartz     pebbles     and 

grains     400  ± 

Hackly  dark  shale  with  thin  coal  bed  at  base 10 

Hackly  dark  shale  and  thin  concretionary  sandstone  50 

Dark  shale,  weathering  to  splintery  fragments 15 

Hard    shale 10 

Thin  ripple-marked  sandstone  and  shale 5 

Hard  dark  shale  weathering  to  splintery  fragments     6 

Granular    sandstone 5 

Dark-gray   crumbly   hard   shale 5 

Hard  massive  greenish-yellow  cross-bedded  arkosic 
sandstone,  containing  a  few  quartz  pebbles  and 
vitreous  quartzose  gray  sandstone  in  two 
ledges     35     541± 

Unexposed    below 

It  is  even  more  difficult  to  secure  detailed  sections  of  the 
Rockwell  Formation  in  the  Meadow  Branch  Mountain  area 
where  the  slopes  are  thickly  strewn  with  the  overlying  sand- 
stone boulders.  The  upper  limit  is  marked  by  this  sandstone, 
but  the  conglomerate  at  base  as  found  in  Sideling  Hill  is  not 
well  developed  in  this  area  and  in  most  of  the  region  seems 
to  be  absent.  The  following  section  was  measured  on  the  old 
road,  passing  up  the  west  slope  of  Sleepy  Creek  Mountain  and 
over  to  the  Myers  cabin : 
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Section  of  Rockwell  Formation  on  West  Slope  of  Sleepy  Creek 

Mountain. 

Feet. 

White  granular  sandstone,  some  conglomerate,  Purs- 
lane     

Shaly,  buff  sandstone,  with  holes  from  which  concre- 
tions have  weathered  out,  shales 170 

Shales,  reddish,  near  old  spring 30 

Buff  shales,  sandstone  ledges,  soft,  coarse-grained, 
some    cross-bedded 200 

Buff    flaggy    sandstone    with    scattered    conglomerate 

blocks    40     440 

Red  shales  of  Catskill 

It  was  here  impossible  to  work  out  the  details  of  the  shales 
and  sandstone  but  the  conglomerate  blocks  appear  to  deter- 
mine the  lower  limit  of  the  formation,  though  their  develop- 
ment was  small.  The  sandstone  at  the  base  still  is  found  and 
nearly  the  same  thickness  as  at  Sideling  Hill,  but  the  total 
thickness  of  the  group  is  much  less.  No  indication  of  the  coal 
was  seen  anywhere  in  this  area,  though  it  may  be  covered  by 
weathered  products  and  the  sandstone  debris. 

Stose  measured  a  section  four  miles  further  north  of  the 
Whites  Gap  road  where  he  found  a  thickness  of  500  feet : 

Section  of  Rockwell  Formation,  West  Slope  of  Sleepy  Creek 

Mountain  (Stose). 

Feet. 
Massive,  soft,  arkosic  sandstone  at  crest  of  ridge..  100 ± 
Poorly  exposed,   buff,   sandy    shale   and   sandstone, 
with   some   red   shale   and   sandstone   near   the 

top    370± 

Conglomerate   containing   quartz   and   a   few  jasper 

pebbles,  and  gray  arkose 30     B00± 


(  >l  TCROPS. — The  Rockwell  Formation  outcrops  in  long 
narrow  belts  on  each  upper  slope  of  Purslane-Sideling  Hill 
Mountain,  with  a  width  of  500  to  2,000  feet,  and  forms  the  end 
oi  the  mountain  al  the  north  where  the  Potomac  has  cut 
through.  A  small  outcrop  is  found  southeast  of  Pawpaw  on 
Spring  ( rap  Mountain. 

Mi'  Rockwell  Formation  outcrops  on  the  upper  western 
slope  <>i  Sleepy  (  reek  Mountain  and  on  the  upper  eastern  slope 
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of  Third  Hill  Mountain  in  long  narrow  belts  similar  to  those 
ar  the  west.  It  bends  around  the  north  ends  of  these  two 
mountains  up  into  the  Meadow  Branch  Valley  as  far  as  the 
Devils  Nose.  The  thickness  varies  in  the  whole  area  from  440 
to  715  feet,  with  an  average  thickness  of  about  600  feet. 

The  upper  limit  of  the  formation  is  placed  at  the  base  of 
the  white  sandstone  and  conglomerate  ledges  of  the  overlying 
Purslane,  but  the  lower  limit  is  often  difficult  to  locate.  In 
the  Sideling  Hill  area,  there  is  in  many  places  a  conglomerate 
buff  sandstone  near  the  base  which  is  taken  for  the  basal  mem- 
ber, but  in  the  Meadow  Branch  area  this  conglomerate  is  but 
rarely  seen  and  the  formation  grades  into  the  underlying 
Catskill.  The  base  is  then  assumed  to  be  at  the  lower  limit  of 
the  buff  coarse-grained  sandstone  ledges  and  above  the  dis- 
tinctly red  Catskill  Shales  and  Sandstones.  On  account  of 
the  sandstone  debris  over  the  steep  mountain  slopes,  this  line 
is  often  obscured  and  then  it  is  impossible  to  accurately  define 
the  division  plane  between  the  two  formations.  This  fact  may 
account  for  the  range  of  thickness  in  some  of  the  sections  as 
a  portion  of  the  Catskill  may  be  included.  The  shales  seem 
to  be  non-fossiliferous,  except  in  the  coal  shales  which  are 
rarely  uncovered.  Sandstone  debris  appears  to  have  com- 
pletely hidden  this  coal  outcrop  in  the  Meadow  Branch  region. 
The  sections  show  an  alternation  of  buff  shales  and  buff  soft 
sandstones.  The  shales  are  sandy  and  break  in  plates  and  in 
many  cases  represent  the  weathered  sandstone  ledges.  The 
sandstone  is  a  coarse  sand,  with  a  few  scattered  small  flakes 
of  mica,  containing  some  white  spots  like  kaolin,  and  they  are 
quite  soft.  Reddish  shales  occur  here  and  there  even  to  the 
top  of  the  formation  and  show  a  similarity  to  the  underlying 
Catskill.  Some  of  the  sandstone  ledges  contain  clay  concre- 
tions which  have  weathered  out,  leaving  holes  in  the  sand- 
stone. Conglomerate  ledges  occur  but  the  pebbles  are  usually 
few  in  number  and  scattered  through  the  rock.  The  sand- 
stones are  too  soft  for  road  material  or  building  stone  and  the 
entire  formation  has  no  economic  importance. 
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PURSLANE  SANDSTONE. 

Above  the  softer  beds  of  the  Rockwell  Formation  is  a 
group  of  hard  white  sandstones  and  conglomerates,  some  of 
the  beds  being  almost  quartzites,  and  they  cap  the  mountains 
and  form  their  crests  over  much  of  their  length.  Stose  named 
this  group  the  Purslane  Sandstone  from  the  exposures  on  that 
mountain.  The  sandstone  is  often  snow-white  in  color  and 
in  other  ledges  carries  a  reddish  stain.  It  is  usually  fine  in 
grain  and  exceptionally  hard,  often  giving  a  distinct  sulphur 
odor  when  struck  with  the  hammer.  It  forms  massive  cliffs 
which  on  account  of  its  resistance  to  erosion  form  pinnacles, 
castles,  and  high  walls.  The  conglomerates  are  composed  of 
white  and  rounded  pebbles  of  opaque  milky  quartz,  in  size 
from  one-fourth  to  one-half  inch  across.  The  conglomerate 
may  be  in  a  distinct  ledge  or  again  forms  a  vein  or  band  along 
joint  faces.  The  pebbles  are  firmly  cemented  and  the  rock 
is  usually  hard  and  durable  under  weathering.  In  places  the 
sandstone  becomes  flaggy  and  softer,  and  shales  of  sand}' 
character  occur.  In  the  typical  sections,  there  appear  to  be 
three  massive  sandstones,  one  at  the  bottom,  one  at  or  near 
the  top,  and  one  about  the  center  of  the  section. 

Near  the  top  of  the  Purslane  on  Sideling  Hill  occur  some 
black  shale  and  coal-like  fragments  which  have  there  been 
prospected,  but  no  good  coal  was  found.  On  Third  Hill 
Mountain,  a  number  of  prospect  holes  for  this  coal  were  made 
in  the  softer  portion  of  the  formation.  These  have  exposed 
some  buff  sandy  shales  and  flaggy  sandstones,  but  not  even 
the  black  slate  was  discolored  here.  One  of  these  prospect 
tunnels  was  driven  some  distance  into  the  mountain  on  the 
lope  of  Third  Hill  Mountain  near  the  old  road  one  and 
a  half  miles  south  of  Pinkerton  Knob.  The  dump  shows  a 
of  slabby  sandstone  and  coarse  buff  sandy  shales,  but  no 
black  shale  or  trace  of  coal. 

OUTCROPS. — This  formal  ion  covers  the  entire  top  of 
I'm  Tim-  Mountain  and  the  greater  portion  of  the  top  of  Side- 
ling Hill.  The  valley  of  Rockwell  Run,  which  separates  these 
two  mountains,  i-  cu1  into  bul  not  through  it.  In  the  trans- 
er  e  portion  of  tin-  valley  «>i"  (his  run,  the  sandstone  is  cut 
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through  and  shows  high  steep  cliffs  of  solid  sandstone.  It 
extends  north  to  the  gap  of  the  mountain  at  the  Potomac 
where  it  forms  the  crest  of  the  gap  while  the  lower  portion 
near  the  river  is  cut  through  the  underlying  Rockwell.  The 
level-top  ridge  of  the  mountain,  with  its  Purslane  cover,  is 
narrow  at  the  northern  and  southern  portions  of  the  moun- 
tain and  it  disappears  near  the  southern  line  east  of  Pawpaw. 
A  number  of  outliers  of  the  sandstone  occur  through  Purslane 
Mountain,  usually  on  higher  knobs  and  to  the  south  on  Side- 
ling Hill.  A  small  outcrop  of  the  sandstone  is  found  on  the 
crest  of  Spring  Gap  Mountain.  The  debris  of  this  sandstone 
covers  the  slopes  of  the  mountains  down  into  the  valleys. 

The  Purslane  Sandstone  forms  the  crest  and  inner  eastern 
slope  of  Sleepy  Creek  Mountain  in  a  broad  belt.  It  also  occurs 
as  a  narrow  belt  along  the  upper  eastern  slope  of  Third  Hill 
Mountain  and  Short  Mountain.  It  forms  the  <:rest  to  south 
of  Pinkerton  Knob.  The  sandstone  curves  around  the  north 
ends  of  these  mountains  and  up  the  Meadow  Branch  Valley, 
the  two  belts  from  the  east  and  from  the  west  uniting  near  the 
E>evils  Nose  in  vertical  rugged  cliffs  forming  wildly  pictur- 
esque scenery.  Its  thickness  varies  from  150  to  245  feet  in  the 
sections  measured,  though  a  greater  thickness  may  occur  on 
the  eastern  slope  of  Sleepy  Creek  Mountain,  but  the  great 
mass  of  debris  there  makes  it  very  difficult  to  secure  any 
accurate  measurements.  Stose  measured  310  feet  near  the 
Eievils  Nose. 

Fossils  are  almost  absent  in  this  sandstone  though  casts 
cf  Lepidodendron  were  found  in  the  lower  part  of  the  section 
in  Meadow  Branch  below  the  Devils  Nose.  The  plant  remains 
in  the  underlying  Rockwell  are  of  Pocono  age  and  plant  re- 
mains in  the  beds  above  are  of  the  same  age,  so  that  this 
sandstone  is  Pocono. 

The  following  sections  show  a  greater  thickness  in  the 
Meadow  Branch  area  than  on  Sideling  Hill,  an  opposite  condi- 
tion to  that  of  the  Rockwell.  The  sections  agree  in  having  a 
solid  ledge  of  hard  sandstone  at  the  top  and  bottom,  with  shaly 
and  flaggy  ledges  between : 
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Section  of  Purslane,  East  Side  of  Sideling  Hill,  East  of 
Lineburg. 

Feet. 
White  sandstone  ledges  in  four-  to  six-inch  courses..   20 

Sandstone,  flaggy,  breaks  down  into  platy  shales 50 

Sandstone,  white,  compact,  and  hard 70 

Sandstone,   flaggy,   hard 15 

Sandstone,  coarse-grained,  and  hard 25     180 

Section  of  Purslane,  East  of  Orleans  Roads. 

Feet. 

Red   shales 70 

Black  slate,  coal  prospect 

Flag  sandstone  in  two-inch  courses 10 

Concealed,  but  scattered  blocks  of  sandstone 70 

Flaggy   sandstone,    stained   reddish 15 

White  sandstone  wit  conglomerate 30     195 


These  two  sections  about  four  miles  apart  on  Sideling 
Hill  show  a  close  agreement  in  thickness  but  a  very  different 
order  of  strata  near  the  top.  The  coal  prospect  shows  black 
shale  or  slate,  but  no  coal  could  be  found  on  the  old  dump. 
Above  the  coal  and  for  a  few  feet  below  it  comes  a  belt  of  red 
haky  shales,  in  appearance  very  similar  to  those  of  the  Meadow 
Branch  Valley.  Its  thinness  and  lack  of  the  strata  between 
the  red  shale  and  Purslane  in  Meadow  Branch  would  suggest 
that  this  is  only  a  local  phase  in  the  sedimentation.  At  no 
other  place  was  this  red  shale  found  at  this  horizon,  and  it 
seems  to  disappear  to  the  north  and  south  of  this  particular 
section. 

Stose  gives  two  partial  sections  of  the  Purslane  further 
north  on  Sideling  Hill  in  Maryland  (loc.  cit.  p.  103)  : 

Partial  Section  of  Purslane  Sandstone  on  Sideling  Hill,  above 

C.  &  O.  Canal  (Stose). 

Feet. 

lilack  shale  and  thin  coal,  with  tough  sandy  under- 
day   containing   Stigmariae  at  base 4  + 

Thin-bedded,  cms.-;  -bedded  sandslnne,  weal  hering 
wilh    reddish    slain 40 

Massive  coarse  white  sandstone  with  Quartz  peb- 
ble    30 

Covered   50 

White    cross  bedded    sandstone,    tarnished    red    on 

weathered  surfaces 20    l44-(- 
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Partial  Section  of  Purslane  Sandstone  on  National  Pike  over 
Sideling  Hill  (Stose). 

Feet. 

Thick-bedded    white    sandstone 20 ± 

Thin-bedded    hard    sandstone 10 

Covered    8 

Black  carbonaceous  shale  containing  plant  remains     2 

Gray  shale  containing  plant  remains 4 

Thin  sandstone  containing  carbonaceous  matter.  .  .     4 

Massive  hard  sandstone  with  quartz  pebbles 20 

Gray  shaly  sandstone,  weathering  rusty,  and  rusty 
shale    with    calcareous    concretions    and    quartz 

pebbles    40  ± 

Hard  gray  sandstone  with  quartz  pebbles 20     132±: 


These  two  sections,  four  miles  apart,  show  the  coal  shales 
with  plant  remains,  but  quite  thin  and  underlain  by  clays  or 
shales  with  plants.  The  basal  sandstones  are,  in  part,  con- 
glomerates. The  thickness  is  less  than  to  the  south  of  the 
Potomac,  but  Stose  states  that  they  are  partial  sections.  There 
is  no  trace  of  the  red  shales  as  found  on  the  Orleans  road. 

The  following  section  was  measured  up  the  steep  hill  at 
Devils  Nose  at  the  north  end  of  Sleepy  Creek  Mountain.  It 
was  measured  with  hand  level  and  calculations  made  for  slope 
and  dip.  The  section  is  66  feet  less  than  the  one  measured 
near  this  place  by  Mr.  Stose,  possibly  due  to  difference  of 
location  of  the  section  at  this  place.  The  base  of  the  section 
is  taken  at  the  top  of  the  cross-bedded,  flaggy  sandstone  re- 
garded as  Rockwell  in  the  run.  This  place  is  near  the  bottom 
of  the  synclinal  trough  and  the  strata  dip  at  a  low  angle,  about 
12  degrees  at  the  bottom  and  top.  The  white  sandstone  near 
.the  top  projects  in  overhanging  cliffs,  forming  in  one  place  the 
so-called  "Nose",  and  large  shelf  blocks  have  fallen  to  1." 
terrace  below. 

Section  of  Purslane  at  the  Devils  Nose,  Meadow  Branch. 

Ft.  In. 

White  sandstone,  coarse  in  texture,  solid  ledge 26  0 

White  sandstone,  mottled  with  shale  pebbles 10  0 

White  sandstone,  quite  hard 10  0 

White  sandstone,   small  pebble  conglomerate 8  0 

Coarse-grained,  white  sandstone,  small  pebbles    (The 

Nose)     5  2 
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Ft.  In. 
White   vitreous   sandstone,   almost   a   quartzite,   gives 

sulphur  odor  when  struck,  weathers  buff 41  6 

Granular  buff  sandstone  much  jointed,  ledges  2  to  10 

inches    10  4 

White  almost  quartzose  sandstone,  somewhat  reddish 

tinged,   and  few  mica  flakes 10  4 

Light  gray  micaceous  sandstone,  solid  ledges 20  8 

Yellowish  gray  granular  sandstone,  stained  reddish  in 

some    ledges 10  4 

Greenish    gray    sandstone 10  3 

Reddish   brown   sandstone 15  6 

Shaly  sandstone,  purplish  brown,  micaceous,  flaggy..  15  6 

Greenish  gray  granular  micaceous  sandstone 20  8 

Coarse  gray  sandstone  stained  reddish  on  outside...  15  6 

Reddish  granular  sandstone,  micaceous 14  6 
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Cross-bedded    buff    to    grayish-brown    sandstone    re- 
garded as  Rockwell  in  run 

Some  of  the  lower  ledges  of  sandstone  in  this  section  are 
cross-bedded,  but  this  structure  is  characteristic  of  the  upper 
ledges  at  the  Nose  itself.  Above  this  point  the  sandstones 
form  massive  cliffs.  The  upper  ledges  show  a  fine  conglom- 
erate feature,  the  pebbles  being  white  and  not  over  a  half 
inch  across,  many  very  small,  and  they  are  scattered  through 
the  rock.  These  upper  sandstones  are  very  white  on  fresh 
fracture,  but  weather  to  a  buff  and  often  reddish  stained.  1 
could  find  at  this  place  no  trace  of  the  conglomerate  near  base 
of  section.  The  middle  ledges  of  the  section  are  more  or  less 
micaceous  and  tend  to  break  in  flaggy  courses,  especially  when 
weathered.  The  ledge  near  the  top  is  peculiar  in  being  mottled 
by  Hat  dark  shaly  pebbles.  Some  of  these  upper  ledges  arc- 
almost  quartzites  and  exceptionally  hard,  giving  a  strong  sul- 
phur odor  when  struck  with  the  hammer,  a  character  quite  in 
accord  with  the  name  of  this  locality.  A  short  distance  south 
oi  this  place,  the  walls  of  the  Purslane  Sandstone  close  in  form 
ing  a  steep-walled  canyon  through  which  the  creek  ilows.  The 
1)'  'I  of  the  run  is  filled  with  large  boulders  of  Purslane,  some 
of  which  arc  almost  eight-foot  cubes,  and  the  water  tumbles 
over  solid  ledges  in  waterfalls  and  rapids.  Some  distance  to 
the  north  of  this  place,  a  coarse  while  pebble  conglomerate  is 
found  near  the  base  of  the  Purslane,  bul  ii  seems  to  disappear 

as  followed  south. 
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By  condensing  the  above  section,  there  is  shown  an  upper 
sandstone  stratum  quite  solid  and  white,  then  a  more  or  less 
foliated  stratum  separating  the  upper  sandstone  from  a  middle 
sandstone  stratum.  Below  is  a  series  of  micaceous,  foliated 
sandstones,  coarser  in  grain,  and  at  the  bottom  of  this  sec- 
tion a  massive  but  somewhat  foliated  sandstone,  while  in  other 
possibly  more  typical  sections  this  horizon  is  marked  by  a  solid 
sandstone  stratum  often  a  conglomerate. 

Devils  Nose  (Purslane)  Section,  Condensed. 

Ft.  In. 

White,  solid,  hard  sandstone,  some  conglomerate....   100  8 

Buff  sandstone,  much  jointed,  foliated 10  4 

White    quartzose    sandstone 10  4 

Greenish-gray  sandstone,  often  stained  reddish,  mica- 
ceous, more   or  less   foliated 92  11 

Coarse  gray  sandstone,  micaceous,  stained  reddish.         30  0 
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HEDGES  SHALE. 

In  the  Purslane-Sideling  Hill  area,  the  two  preceding 
formations  complete  the  Lower  Carboniferous  or  Mississip- 
pian,  but  in  the  Meadow  Branch  area  there  is  a  series  of  shales 
and  sandstones  above  the  Purslane  several  hundred  feet  ir 
thickness. 

Directly  above  the  Purslane  in  Meadow  Branch  Valley 
and  on  the  slopes  of  Third  Hill  Mountain  is  a  group  of  buff 
sandy  shales  and  thin  foliated  sandstone  ledges,  with  black 
shales  and  semi-anthracite  coal.  This  formation  was  named 
by  Stose  the  Hedges  Shale  from  Hedges  Mountain,  a  spur  on 
Third  Hill  near  which  are  located  coal  prospects.  Its  limits  are 
easier  to  describe  than  to  locate  in  the  field.  The  lower  limit 
is  marked  by  the  hard  Purslane  Sandstone,  and  its  upper  limit 
is  the  red  shale  of  the  next  formation,  the  base  of  which  is 
often  a  solid  red  sandstone.  Its  outcrop  of  soft  rocks  readilv 
disintegrates  by  weathering,  and  it  is  always  more  or  less 
covered  by  the  Purslane  Sandstone  debris,  and  to  some  extent 
in  the  run  valley  by  alluvium.  It  is  thus  very  difficult  in  the 
field  to  accurately  define  the  limits,  more  especially  the  lower 
one.     The   numerous   coal   openings   over   the   area   are   very 
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useful  in  locating  the  belt  of  shales  of  this  formation,  but  they 
are  mostly  caved  in  at  the  present  time  and  they  do  not  afford 
much  data  on  the  group  except  from  a  study  of  the  dumps. 
The  outcrop  boundaries  on  the  map  represent  the  approximate 
limits. 

This  group  contains  at  least  three  coals  which  are  repeated 
by  folding  and  overthrust  so  that  the  prospects  are  located  in 
the  bed  of  the  run,  near  the  top  of  the  mountain  and  in  be- 
tween. The  larger  shafts  in  the  coal  are  close  to  the  run  oppo- 
site Whites  Gap  through  Sleepy  Creek  Mountain,  and  near 
the  top  of  Short  Mountain,  but  the  prospect  holes  may  be 
found  almost  everywhere  in  this  area.  These  prospects  and 
the  coals,  their  composition  and  characters,  will  be  described 
in  the  Chapter  on  Mineral  Resources  in  a  later  portion  of  the 
present  volume.  The  coals  are  semi-anthracite  in  slickensided 
blocks  mingled  with  slate  also  polished  and  often  looking  like 
the  coal.  This  slate  is  so  thoroughly  intermixed  with  the  coal 
and  all  crushed  together  that  it  is  a  matter  of  great  difficulty 
to  separate  them  in  quantity.  When  separated  from  the  slate, 
the  coal  is  of  high  quality.  One  coal  horizon  is  near  the  bar 
of  the  shales,  one  near  the  top,  and  one  about  the  middle  of 
the  section.  The  coal  vein  varies  from  two  feet  to  over  nine, 
and  this  variation  often  takes  place  in  a  few  feet.  Not  enough 
exploration  has  been  done  to  estimate  average  thickness  on 
account  of  the  amount  of  variation. 

The  thickness  of  the  Hedges  Shale  is  about  180  feet, 
according  to  the  following  section,  which  was  measured  to 
the  south  of  the  Devils  Nose,  but  the  details  of  the  section  are 
very  poor  on  account  of  the  concealed  character  of  the  out- 
crops : 

Section  of  Hedges  Shale  South  of  Devils  Nose. 

Feet.' 

Buff  sandy  shales 12 

Coal  in  black  slate 

nun    :  ball 50 

Coal  and  black    ilate 

Huii  eandy  shales  and  shaly  Bandstone  Ledges 108 

Coal  in  black  slate 

Bull  sandj    Bbalea 10    180 

Eleddlsb    balei   of  the  Myers  Formation 
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Mr.  Stose  measured  the  following  section  on  the  moun- 
tain road  to  the  east  of  the  Myers  Place  (loc.  cit.  p.  106)  : 

Partial  Section,  Hedges  Shale  on  Third  Hill  Mountain, 

East  of  Myers  (Stose). 

Feet. 

Black  shale  and  thin  coal  seam 10  ± 

Massive  granular  thin-bedded  white  sandstone....  15 

Covered    40  ± 

Thin-bedded  hard  sandstone 1 

Carbonaceous  shale  and  thin  sandstones  with  coal 

•  streak  and  plant  remains 15 

Covered    10± 

Gray  and  black  shale  and  thin  sandstones 1 

Covered 10 ± 

Thin  slabby  sandstone 2 

Dark  shale  and  coal  streak 2     106  ± 


OUTCROPS. — The  Hedges  Shale  is  found  near  the  east- 
ern base  of  Sleepy  Creek  Mountain  through  the  length  of 
Meadow  Branch  Valley  to  a  point  about  one-half  mile  south 
oi  Devils  Nose.  The  belt  is  about  800  to  1,100  feet  wide.  It 
is  also  found  on  the  upper  inner  slope  of  Short  Mountain, 
where  it  is  brought  up  on  the  upper  limb  of  the  syncline.  It 
is  seen  on  the  upper  east  slope  of  Third  Hill  Mountain  as  a 
narrowr  belt  of  overturned  strata,  200  to  250  feet  wide.  South 
of  Pinkerton  Knob,  the  belt  passes  over  to  the  west  slope  of 
the  mountain  and  close  to  the  top  of  the  ridge.  A  small  syn- 
clinal trough  of  the  shale  is  found  in  the  Purslane  Sandstone 
on  the  crest  of  the  mountain  about  two  and  a  half  miles  south 
of  Pinkerton  Knob  on  the  wagon  road  across  the  mountain  to 
Myers. 

The  coal  shales  contain  numerous  plant  remains,  in  fact, 
some  of  them  are  a  mass  of  stems,  roots,  and  fronds  of  ferns. 
As  the  mines  are  caved  or  full  of  water,  it  is  impossible  to 
make  any  extended  collections  of  these  plants,  and  those  on 
the  dumps  are  in  badly  weathered  and  disintegrated  shales. 
Stose  gives  the  following  list  of  plants  in  this  shale,  which  he 
collected,  as  identified  by  David  White : 

Sphenopteris  vespertina.  Lepidocystis    siliqua. 

Triphyllopteris  lescuriana.  Triletes  sp. 

Triphyllopteris  virginiana.  Carpolithes  sp. 

Protolepidodendron  scobiniforme.  Bskdalia  sp. 
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David  White  in  the  folio  report  of  Mr.  Stose  comments  as 
follows  on  the  fossil  plants  of  this  coal  field : 

"The  collections  in  this  region  typically  illustrate  the  paucity  of 
species  characteristic  of  the  Pocono  along  the  eastern  border  of  the 
basin,  though  plant  fragments,  many  in  fine  condition,  are  very  abun- 
dant, as  is  natural,  in  the  roof  shales  over  the  coals  of  that  age.  I 
have  seen  but  a  few  species,  which  appear  to  have  almost  exclusively 
occupied  the  ground,  doubtless  furnishing  the  land-plant  material  for 
the  composition  of  the  coal  throughout  the  coal-bearing  series,  ex- 
tending from  near  Pottsville,  in  eastern  Pennsylvania,  to  the  vicinity 
of  Wytheville,  in  southwestern  Virginia." 

• 

The  plant  remains  in  these  coals  appear  to  be  Pocono  in 
age,  according  to  the  work  of  David  White. 

The  following  plant  fossils  were  collected  from  the  dumps 
of  the  mines  in  Meadow  Branch  during  the  present  work  and 
were  identified  by  David  White: 

Lepidodendron    scobiniforme,    Meek. 
Triphyllopteris.  sp.  undet. 
Triphyllopteris  lescuriana. 
Lepidodendron   eskdalia. 

MYERS  RED  SHALE  (Possibly  PULASKI  of 
M.  R.  Campbell). 

Above  the  Hedges  Shale  in  the  Meadow  Branch  Valle)' 
is  a  series  of  red  beds,  shales  and  sandstones.  The  shales  arc 
deep  red  in  color,  sandy,  and  break  in  smooth  plates,  while  the 
sandstones  are  coarse-grained,  soft,  with  scattered  mica  points 
or  minute  scales.  They  break  shaly  and  many  of  them 
weather  to  shales.  They  are  in  some  cases  deep  red  in  color, 
and  in  others  are  a  reddish-buff  color.  The  soils  of  the  area 
are  red  and  apparently  very  fertile.  At  the  base  of  the  forma 
lion  in  the  lower  part  of  the  valley  is  a  heavy  red  sandstone 
stratum  that  forms  vertical  cliffs  a  hundred  feet  in  height. 
This  sandstone  forms  a  vertical  wall  on  the  east  bank  of  the 
run  in  the  vicinity  of  I -in le  Mountain  and  north.  The  sandstone 
it  ilii  place  about  15  to  20  degrees  southeast  and  is  over 
lain  b)  ;i  heavj  deposil  of  the  red  shales.  At  Little  Mountain, 
the  inn  cuts  through   this  little  hill  in  a  strep  walled  gorge  of 

il  i     sandstone.     In  the  upper  portion  of  the  valley,  this  hea>  \ 
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sandstone  ledge  does  not  appear,  but  is  replaced  by  shales  and 
small  ledges  of  red  sandstone.  The  thickness  of  the  shales 
runs  from  800  to  935  feet,  but  like  the  preceding  group  of 
shales  the  soft  character  of  the  material  and  the  sandstone 
debris  from  the  mountain  make  it  very  difficult  to  secure  any 
complete  or  detailed  sections.  The  formation  was  named  by 
Stose  from  the  Myers  place  in  Meadow  Branch  Valley,  where 
it  is  typically  exposed.  Many  years  ago,  this  was  a  famous 
grazing  ranch,  but  at  the  present  time  is  abandoned  and  there 
is  not  a  family  living  in  the  whole  valley  and  few  cattle  arc- 
pastured  there.  The  vineyards  and  fine  orchards  still  in  goc" 
bearing  near  the  Myers  place  show  that  the  valley  soil  in  these 
red  shales  is  highly  productive. 

OUTCROPS.— The  Myers  Red  Shale  is  found  only  in  the 
Meadow  Blanch  Valley  where  it  covers  most  of  the  valley 
floor  east  of  the  run.  It  follows  the  rising  limb  of  the  syncline 
up  the  westward  slope  of  Third  Hill  Mountain  to  its  crest,  and 
in  much  of  this  mountain  area  extends  over  the  crest  to  the 
east  slope.  South  of  Pinkerton  Knob,  it  is  confined  to  the 
west  slope  of  the  mountain.  On  Pinkerton  Knob  and  in 
another  area  to  the  north  it  extends  to  the  overlying  sand- 
stone on  those  two  ridges.  Its  width  over  most  of  the  moun- 
tain and  valley  exposures  is  one-half  to  three-fourths  mile. 

The  following  section  was  measured  on  the  west  slope  of 
Third  Hill  Mountain  east  of  Whites  Gap  through  Sleepy  Creek 
Mountain : 

Section  of  Myers  Shale  on  Third  Hill  Mountain  Opposite 
Whites  Gap. 

Feet. 
Hard  white  sandstone  and  conglomerate   (Pinkerton) 
Soft   red    sandstone,    weathering   buff,    slightly   mica- 
ceous, red  and  buff  shales 200 

Red  shales  and  thin  sandstone  ledges 170 

Red  shales,  three-foot  ledge  red  sandstone 100 

Red   sandstone  ledges  and  red  shales 100 

Buff    shales 50 

Red   sandstone,   blocky,   weathers    buff,    shales 145 

Buff  shales  and  sandstones,  some  red  ledges 120 

Red   platy    shales 50     935 
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This  section  lacks  in  details  due  to  concealed  nature  of 
outcrops.  It  shows  mostly  red  shales  with  included  ledges 
of  red  sandstone  which  show  a  marked  tendency  to  weather 
into  shales.  The  lower  sandstone  was  not  found  in  this  sec- 
tion, but  further  north  reaches  a  thickness  of  50  to  60  feet, 
forming  the  steep  east  wail  of  the  run. 

Fossils  are  rarely  found,  but  in  the  lower  sandstone  a 
short  distance  north  of  Little  Mountain  an  impression  of  : 
Lepidodendron  was  observed.  These  red  shales  over  the  heavy 
sandstone  below  resemble  the  Mauch  Chunk  Shales  of  Penn- 
sylvania, but  the  calcareous  beds  of  that  shale  are  absent  here, 
and  there  is  no  trace  of  the  overlying  Greenbrier  Limestone 
which  is  a  very  persistent  member  of  the  Lower  Carboniferous 
through  West  Virginia.  There  were  found  also  in  the  over- 
lying  shales  fossil  plants  identified  as  Pocono  in  age.  These 
red  beds  are  therefore  Pocono  in  age  and  similar  to  the  Pocono 
red  beds  found  in  some  of  the  Pennsylvania  sections  and  in 
the  well  records  of  this  State.* 

PINKERTON  SANDSTONE. 

Over  the  Myers  Red  Shale  in  the  Third  Hill  Mountain 
area  in  two  places  is  found  a  heavy  sandstone  and  conglom- 
erate formation  named  by  Stose  the  Pinkerton  Sandstone  from 
its  exposure  on  Pinkerton  Knob.  It  is  a  hard  white  sandstone 
with  a  large  amount  of  coarse  conglomerate  full  or  white 
rounded  pebbles.  The  conglomerate  is  very  characteristic  in 
the  more  northern  outcrop  opposite  Little  Mountain.  It  thus 
resembles  very  much  the  Pottsville  Conglomerate  at  the  base 


"The  Myers  Red  Shale  of  Stose  may  possibly  correlate  with  (he 
Pulaski  Red  Shale  of  M.  R.  Campbell,  described  first  in  the  Poca- 
hontas, West  Virginia,  Folio  of  the  U.  S.  Geological  Survey,  issued 
under  date  of  April,  1S95.  No  details  are  given  by  Campbell  as  to 
whether  or  not  there  is  an  upper  member  of  sandstone  immediately 
under  the  Greenbrier  Limestone,  and  litis  is  the  only  reason  for  doubt. 
In  1  he  nil  well  borings  of  Kanawha,  Clay,  Nicholas,  Fayette,  and 
other  counties  oi  the  southwestern  region  of  Wesi  Virginia,  a  red 
horizon   makes   Its  appearance  al   50  to  75  feet  below  the  top  of  the 

I'.i-  Injun  Oil  Sand,  and  has  been  noted  in  many  well  borings. 
Whether  or  not  this  is  the  representative  of  the  Pulaski  Red  Shale 
of  Campbell    hat    not    ye\    been   determined,  hut    there  can   be   little 

doubt    thai    it    represents   the   Myers   Red   Shale   of  Slose.      (I.   C.  W.) 
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of  the  Coal  Measures,  but  above  this  rock  at  one  place  is  an 
old  coal  prospect  which  apparently  failed  to  find  coal  of  any 
value,  but  which  has  disclosed  light-gray  shales  with  plant 
impressions  which  were  found  to  be  of  Pocono  age. 

At  several  places  over  the  mountain,  pits  have  been  sunk 
for  coal,  but  they  show  only  sandstone  blocks  and  coarse  shaly 
sandy  shales  or  shaly  sandstone.  The  opening  which  exposes 
the  fossil  plant  shales  is  to  the  southeast  of  Hedges  Mountain 
near  the  crest  of  the  ridge  and  about  200  feet  west  of  the 
mountain  trail  along  the  ridge.  The  opening  is  an  old  one 
and  the  shales  are  badly  disintegrated.  Stose  collected  the 
following  fossil  plants  here,  as  identified  by  David  White : 

Lepidodedron  sp. 

Lcpidodcndron  cf.   corrugatum    (—Protolepidodcndron) 

Eskdalia  sp. 

Megaspores. 

Triletcs,  form  with  thick  glossy  exine. 

Mr.  Stose  quotes  David  White  on  the  age  of  these  shales 
as  indicated  by  these  fossil  plants,  as  follows : 

"Notwithstanding  the  considerable  body  of  red  shales  and  sand- 
stones between  the  coal-bearing  division  (Hedges  Shale)  and  the 
conglomerates  with  the  thin  coal  (Pinkerton  Sandstone)  in  the  up- 
per portion  of  the  syncline,  I  can  find  no  evidence  of  post-Mississippian 
age.  On  the  other  hand,  the  very  small  amount  of  fossil  material  is 
not  only  characteristic,  so  far  as  known,  of  the  older  Mississippian, 
but  it  is  closely  related  to  the  Pocono  flora  itself.  A  similar  asso- 
ciation of  the  same  forms,  likewise  preserved  in  coaly  shales,  is  ob- 
served in  the  Allegheny  Valley  just  above  the  group  of  sandstones 
and  shales  there  correlated  with  the  Pocono." 

OUTCROPS. — The  Pinkerton  Sandstone  outcrops  in  a 
small  area  on  and  around  Pinkerton  Knob  of  Third  Hill 
Mountain,  and  in  a  larger  area  to  the  north,  extending  from 
a  point  south  of  Whites  Knob  to  west  of  Hedges  Mountain, 
with  .a  length  of  two  miles,  and  a  width  of  about  1,500  feet. 

Stose  secured  a  measurement  of  125  feet  for  the  thickness 
on  Pinkerton  Knob.  The  following  section  at  about  the 
middle  of  the  northern  outcrop,  or  about  opposite  Whites  Gap 
through  Sleepy  Creek  Mountain,  shows  a  thickness  of  114  feet: 
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Section  of  Pinkerton  Sandstone  Opposite  Whites  Gap. 

Feet. 
Buff  shales  and  light-gray  shale  with  plant  remains .  .  10 
Reddish-brown  platy  sandstone,  2-  to  4-inch  ledges...     8 

White   sandstone  and  pebble   conglomerate 20 

Buff  sandstone  and   shales 40 

White    sandstone,    flaggy 8 

Hand  white  sandstone,  reddish  tinged,  some  conglom- 
erate  ledges 20     114 

A  prospect  hole  was  excavated  in  the  reddish-buff  shales 
near  the  top  of  the  ridge  and  near  the  top  of  the  section,  but 
it  showed  no  plant  shales  or  trace  of  coal,  but  showed  a  num- 
ber of  concretionary  limonite  iron  nodules.  Other  holes  have 
been  dug  above  the  conglomerate  but  showed  nothing  of  value 
or  interest. 

The  reddish  flag  sandstone  near  the  top  of  the  section  was 
observed  near  Pinkerton  Knob,  and  it  is  found  at  a  number 
of  places  in  the  larger  area  to  the  north.  Opposite  Hedges 
Mountain,  the  top  of  the  ridge  is  marked  by  a  massive  con- 
glomerate composed  of  loosely  cemented  white  pebbles  with 
an  eastward  dip  of  60  degrees  on  the  overturned  fold.  Some 
of  the  upper  shales  have  a  reddish  tinge.  The  buff  sandstone 
of  the  section  is  in  other  parts  of  the  area  nearly  white,  but 
weathers  to  a  buff  color. 

CORRELATION  OF  THE  POCONO  FORMATION. 

The  isolated  outcrops  of  Carboniferous  strata  in  this  area 
appear  to  represent  southward  outliers  of  the  Pennsylvania 
Pocono,  and  the  typical  sections  in  that  State  show  some 
resemblance  to  those  of  this  area.  The  relation  of  the  sand- 
stones to  the  softer  shales  and  the  presence  of  red  beds  in 
some  of  these  Pennsylvania  sections  arc  very  similar  to  the 
Wesl   \  irginia  sections. 

In  Huntingdon  County,  Pennsylvania,  which  is  in  the 
direction  of  the  trend  of  the  Carboniferous  rocks  of  Sideling 
Mill  and  on  the  continuation  <>f  this  ridge  into  that  county, 
(  .  A.  Ashburner  made  a  very  detailed  section  of  the  Pocono 
in  the  railroad  tunnel  and  CUl   across  (hat  ridge,  which  section 
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Lesley  described  as  furnishing  "the  most  interesting  and  in- 
structive data 'we  have  respecting  the  character  of  the  Pocono 
formation". 

This  section  is  here  reproduced  in  much  condensed  form 
from  Mr.  Ashburner's  report  (F,  pp.  206-216)  : 

Sideling  Hill  Section  of  Pocono  in  Huntingdon  County,  Pa. 

(Ashburner). 

Upper  Sandstone  Group.  Feet. 

Massive  gray  coarse-grained  sandstone,  alternating 
with  thin-bedded  and  flaggy  sandstone  and  shale 

of    same    color 580 

Alternating  massive  gray  and  greenish-gray  sandstone 
with  a  foot  seam  of  black  slate  showing  minute 

plant  impressions 30 

New  River  Coal  Series  (a  mistake  of  Lesley's — I.  C.  W.) 
Massive  gray  sandstone  with  thin  partings  of  coal. .  .   88 
Gray    sandstones,    some    with    pyrites    nodules,    and 

thin    coal    seams 77 

Shale  sandstone  and  coal  seams 96 

Soft  sandstone  and  coal,  some  with  false  bedding...   52 
Middle  Conglomerate  Group. 

Black  carbonacecous   shales,   some   sandstone 60 

Massive  gray  sandstone,  some  conglomerate 113 

Gray  flaggy  sandstone  and  gray  shales,  some  black 

slate     207 

Lower  Green  Sandstone  Group. 

Dark    bluish-gray    sandstone    and    gray    and    green 

shales    77 

Coarse-grained  sandstone,  reddish-gray  and  yellow..  177 
Yellow,  gray,  and  green,  shaly  sandstone,  and  yellow 
shales,   some   olive   sandstone   with  iron   concre- 
tions      136 

Partly  concealed,  soft,  green  and  olive  sandstones, 
alternating  with  soft  yellow  flaggy  and  hard 
massive  gray  sandstone 440     2133 


Another  interesting  section  of  the  Pocono  was  measured 
in  this  same  county  by  Dr.  I.  C.  White  at  the  Riddlesburg 
Gap  in  Terrace  Mountain.  Lesley  states  that  "the  crests  of 
Terrace  Mountain  and  of  Sideling  Hill  come  together  in  the 
magnificent  knob,  rising  majestically  from  the  right  bank  of 
the  Juniata  River  some  miles  below  the  city  of  Huntingdon, 
from  the  summit  of  which  a  superb  panorama  of  mountain 
ranges  and  fertile  valleys  well  repays  the  artist  and  geologist 
for  the  fatigues  of  the  ascent".  This  section  is  condensed  from 
Dr.  White's  section  as  given  in  Report  T3,  p.  81 : 
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Riddlesburg  Gap  Section  of  Pocono,  Huntingdon  County,  Pa. 

(I.  C.  White). 

Feet. 
Gray    sandstone     and     dark    shales     with     broken 

plants    104 

Gray  sandstones  and  black  coal  shales 125 

Conglomerates,  sandstones,  some  shale 197% 

Red,   olive,   and  yellowish  shales 70 

Gray  sandstone  and  yellowish  shales 112V2 

Dark  shale  very  fossiliferous 50 

Massive  sandstone  and  sandy  shales 85 

Red  and  yellow  shales  and  gray  sandstones 218 

Massive    gray    sandstone 140 

Red   shales  and  greenish   sandstones 340         1442 


In  the  same  district,  Dr.  I.  C.  White  measured  another 
section  of  Pocono  at  the  Shoups  Run  Gap  in  Terrace  Mountain 
which  is  given  in  the  Report  above  quoted  and  which  is  here- 
reproduced  in  much  condensed  form : 

Shoups  Run  Gap  Section  in  Terrace  Mountain,  Huntingdon 
County,  Pa.  (White). 

Feet. 

Gray  sandstone,   pebbly 210 

Gray  sandstones  and  dark  shales 450 

Red   shales   and   greenish-gray   sandstone 70 

Blue-black   slate   with   a   few   thin    flags,   at   the   top 

impressions    of    Lepidodendron 100 

Gray  sandstone  and  sandy  shales 30 

Massive    gray    sandstone 270 

Greenish-gray  sandstones  and  red  shales 250     1380 


In  the  State  of  West  Virginia  very  few  sections  of  the 
Pocono  are  available  for  study.  Mr.  Ray  V.  Hennen  made  a 
\ery  careful  section  of  the  Pocono  in  Preston  County  which 
is  given  in  the  Report  on  that  county  by  the  State  Geological 
Survej  (p.  99),  which  is  here  given  in  somewhat  condense' 
form  : 
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Section  of  Pocono  near  Rowlesburg,  Preston  County 
(Hennen). 

Feet. 

Sandstone,  massive,  limy  near  top 213 

Sandstone,  flaggy,  with  thin  gray  shale 65 

Sandstone,  massive,  and  dark  shales 95 

Sandstone,  massive  and  flaggy,  and  shales 71 

Dark-gray  sandstone  and  limy  gray  shales 57 

Sandstone,  nodular,  and  gray  sandy  shales 11 

Sandstone,  massive  at  top,  shaly  at  base 15     527 


The  above  sections  with  the  Meadow  Branch  Section  are 
further  condensed  into  a  four-fold  division  in  the  following 
table  for  purpose  of  comparison : 

Sections  of  Pocono  in  Pennsylvania  and  West  Virginia. 

Sideling  Riddles-  Shoups  Meadow  Preston 
Hill.        burg.       Run.       Branch.  County. 
Gray   sandstone,    red   and    buffi 

shales,  some  plants 610  609  730  925  213 

Buff    and    black    shales,    coals, 

some    gray    sandstones.  ..  .313  50  130  180  65 

Massive    gray    sandstone     and 

conglomerate,  gray  shales. 380  85  270  244  95 

Greenish    sandstone,    red    and 

buff    shales 830  698  250  700  154 


Totals 2133         1442         1380         2049  527 

While  the  sections  show  considerable  variation  in  thick- 
ness in  the  different  groups,  there  is  more  or  less  agreement 
in  the  order  of  the  strata  and  an  approximate  correlation  can 
be  made.  The  lowest  division  shows  a  similarity  in  thickness 
in  the  Sideling  Hill,  Riddlesburg,  and  Meadow  Branch  Sec- 
tions. The  top  division  is  thicker  in  the  Meadow  Branch  Sec- 
tion through  the  great  development  of  red  shales,  though  the 
total  thickness  of  the  first  two  groups  is  similar  in  the  Sideling 
Hill  and  Meadow  Branch  Sections  and  this  is  tiue  of  the  total 
thickness  of  these  two  sections.  The  total  thickness  of  the 
first  two  divisions  in  Meadow  Branch  and  Shoups  Run  shows 
an  agreement.  The  decrease  in  total  thickness  in  Shoups  Run 
is  due  to  decrease  in  the  lowest  division.  This  comparative 
table  shows  the  resemblance  of  the  Pocono  in  the  four-fold 
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division  and  in  the  thickness  of  the  groups,  though  at  Riddles- 
burg  the  two  middle  divisions  show  greatly  decreased  thick- 
ness. The  lowTest  division  grades  into  the  underlying  Catskil' 
and  the  differences  in  thickness  in  the  different  sections  in  this 
division  may  be  due  in  part  to  the  inclusion  of  some  Catskill 
beds  with  the  Pocono  at  this  point. 

The  Preston  County  Section  illustrates  the  westward 
thinning  of  the  Pocono  in  all  the  four  divisions,  but  compared 
with  the  Riddlesburg  Section,  the  thinning  is  especially  promi- 
nent in  the  top  and  bottom  divisions. 

The  Pocono  in  northern  Pennsylvania,  for  example  in 
Wayne  County,  according  to  Stevenson,  shows  a  bottom  and 
middle  conglomerate  and  a  top  sandstone,  with  shales  and 
cross-bedded  sandstones  between  the  top  and  bottom  divisions, 
with  a  total  thickness  of  1,140  feet.  The  Pocono  reaches  its 
greatest  thickness  in  that  State  to  the  southeast,  1,800  feet  at 
Pottsville  and  2,000  feet  on  the  Susquehanna.  The  conglom- 
erate rock  seems  to  be  characteristic  through  all  these  eastern 
Pennsylvania  sections.  According  to  Stevenson,  the  most 
eastern  outcrop  is  found  in  Fulton  County  with  1,100  feel 
thickness,  and  decreases  westward  so  that  in  Lycoming 
County  it  is  480  to  665  feet,  composed  of  shales  and  cross- 
bedded  sandstone,  but  no  conglomerate.  In  Allegany  County, 
Maryland,  the  thickness  is  258  feet  of  grayish-green  flaggy 
sandstone  with  some  shales  and  a  few  bands  of  conglomerate, 
according  to  Mr.  Martin.  In  Westmoreland  County,  Pennsyl- 
vania, and  near  the  Ohio  River,  the  thickness  is  440  feet,  and 
in  Preston  County,  this  State,  Hennen  measured  the  Poconc; 
as  527  feet  thick. 

Stevenson  states  that  this  rapid  thinning  westward  in 
Pennsylvania  is  apparently  due  to  the  loss  of  the  lower  beds 
and  thai  the  formation  becomes  more  and  more  shaly  in  that 
direction.  He  also  states  that  the  Pocono  decreases  in  thick- 
ness from  500  feet  in  southern  Ohio  near  the  river  to  175  feel 
in  northern  Alabama  and  is  wholl)  gone  before  reaching  the 
middle  of  thai   State. 

Fontaine  found  in  Augusta  and  Rockingham  Counties, 
Virginia,  a   three  fold   division  <>!"  the   Pocono,  with  a   lower 

division  of  sandstone,  a  middle  of  sandstones  and  shales  with 
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coal  streaks  or  coal  seams,  and  an  upper  division  of  red  shales 
and  sandstone  with  a  total  thickness  of  450  to  700  feet,  which 
would  represent  a  further  thinning  southward  from  the  sec- 
tions in  West  Virginia. 

Fontaine  found  at  Caldwell  Station,  six  miles  west  of 
White  Sulphur  Springs,  a  four-fold  division  of  the  Pocono. 
At  the  top  were  250  feet  of  red  crumbling  marlites  under  the 
Greenbrier  Limestone ;  below  this  group,  he  found  290  feet  of 
sandstones,  in  which  were  carbonaceous  streaks,  which  repre- 
sented his  middle  division  in  Augusta  County,  according  to 
his  correlation ;  then  came  a  coarse,  more  or  less  conglomeratic 
sandstone,  80  feet  thick;  and  below  the  bottom  division,  con- 
sisting of  transition  beds  of  yellow  flaggy  sandstone  weather- 
ing brown,  500  feet  thick,  giving  a  total  thickness  for  the 
Focono  of  1,160  feet.  This  section  arranged  in  tabular  form 
with  the  Meadow  Branch  Section  shows  a  marked  decrease  in 
the  two  lower  divisions,  and  a  decrease  of  the  top  with  the 
loss  of  the  overlying  conglomerate  sandstone  of  the  Meadow 
Branch  Section : 

Sections  of  Pocono,  Northern  and  Southern  West  Virginia. 

Southern.  Northern. 

Sandstones  and  red  shales 250  925 

Sandstone,  shales,  and  coal  streaks 290  180 

Massive  sandstone,  conglomerate 80  244 

Buff  sandstones  and  shales 500  700 

Totals    1120  2049 


The  oil  wells  in  many  sections  of  West  Virginia  are  drilled 
into  and  through  the  Pocono  whose  sands  are  the  greatest 
source  of  oil  and  gas  in  the  State.  The  different  sands  of  the 
Pocono  have  been  named  by  the  oil  well  drillers  as  follows : 
Big  Injun  Sand,  which  comes  under  the  Big  Lime  (Green- 
brier) and  described  by  Dr.  I.  C.  White  as  "a  hard  and  often 
fine-grained  gray  sandstone  with  usually  two,  and  occasion- 
ally three  or  four  open,  coarse,  porous,  and  sometimes  pebbly 
layers,  filled  with  oil,  gas,  or  salt  water."  It  varies  in  thick- 
ness from.  140  to  300  feet. 
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On  the  western  border  of  the  State,  the  upper  20  to  30  feet 
of  the  Big  Injun  Sand  is  separated  from  the  main  mass  by  five 
to  fifteen  feet  of  dark  slate  and  this  upper  portion  is  called  the 
Keener  Sand.  Twenty  to  forty  feet  below  the  Big  Injun  is  the 
Squaw  Sand,  20  to  30  feet  thick.  At  the  base  of  the  Pocono 
is  the  Berea  Grit,  2  to  30  feet  thick,  a  very  productive  oil  and 
gas  horizon  in  the  western,  central,  and  southwestern  portions 
of  the  State. 

It  would  be  impossible  to  accurately  correlate  these  oil 
and  gas  sands  with  the  divisions  of  the  Pocono  in  Morgan  and 
Berkeley  Counties,  but  the  upper  conglomerate  and  sandstone 
mass  above  the  red  beds,  or  the  Pinkerton  Sandstone  is  prob- 
ably the  Big  Injun,  while  the  Purslane  Sandstone  may  repre- 
sent the  Berea  Grit,  as  the  lower  measures  below  that  sand- 
stone seem  to  thin  and  disappear  westward. 

The  various  well  records  of  the  State  show  that  the 
Pocono  has  thinned  greatly  westward  from  the  outcrops  in 
Pennsylvania  and  in  the  eastern  Panhandle  Area,  and  most  of 
the  wells  show  some  thinning  of  the  measures  west  of  the 
Preston  County  Section.  The  following  records  are  taken  for 
the  most  part  from  the  Report  on  Oil  and  Gas  tyr  Dr.  I.  C. 
White  [Volume  I- (A)].  In  Harrison  County,  the  thickness 
of  the  Pocono  in  the  oil  wells  varies  from  336  to  490  feet ;  in 
Doddridge,  355  to  458  feet;  in  Ritchie  County,  380  to  415  feet; 
ill  Wood  County,  447  to  515  feet.  To  the  north,  the  thickness 
increases,  reaching  519  feet  near  Wheeling  and  615  feet  in  one 
well  near  Wellsburg. 

In  many  of  the  well  records  red  shales  were  recorded  in 
the  Pocono  and  probably  more  are  actually  present  in  the  dif- 
ferent  wells    as    much    of   the    logs    are    marked    unrecorded. 
I  hese  red  shales  are  noted  in  the  logs  of  the  wells  in  Preston, 
Harrison,    Kanawha,  Summers,  Barbour,  and  other  Counties. 

The  detailed  well  records  usually  show  only  a  three-fold 
division  of  the  Pocono  into  the  upper  sandstone,  Big  Injun; 
the  lower  sandstone,  Berea;  separated  by  shales  and  thin  sand 
stones.  The  fourth  division  below  the  Berea  as  seen  in  the 
Morgan  and  Berkeley  County  Sections  and  in  the  eastern 
I  ennsylvania  Sections  is  no1  separated  in  the  well  records  and 
i-  probabl)  absent.    The  westward  thinning  of  the  Pocono  as 
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suggested  by  Stevenson  may  be  due  to  the  loss  of  lower  mem- 
bers of  the  section  so  that  the  fourth  or  lowest  division  may  be 
entirely  absent  which  seems  highly  probable,  though  this  ab- 
sence may  be  due  to  the  imperfections  of  the  well  records. 

The  following  well  records  from  the  State  Reports  will 
illustrate  the  three-fold  division  of  the  Pocono  and  also  the 
thickness  of  this  formation  in  a  number  of  counties : 

Well  Records  of  the  Pocono. 


Catletts-  Big     Hunting-  Wirt  Wood  Parkers- 
burg.  Sandy      ton.  Co.  Co.  burg. 
Big  Injun  Sand...         150  100           177  135  190  205 
Shales     and     sand- 
stones            329  467           405  410  308  391 

Berea    Grit 51  60             25  15  6  13 

Totals    530  627           607  560  504  609 

Ritchie    Gilmer  Harri-  Pitts-  Steuben- 

son  burgh  ville 

Big  Injun   Sand 75             63  174  310  215 

Shales  and  sandstone 245           217  380  105  362 

Berea   Grit 60             40  15  50  4 

Totals    380           320  569  465  581 

NOMENCLATURE  OF   THE    POCONO    GROUP. 


In  the  work  of  the  Pennsylvania  Geological  Survey,  names 
were  given  to  the  subdivisions  of  the  Pocono  especially  in  the 
northwestern  portion  of  the  State  where  Dr.  I.  C.  White  traced 
the  divisions  over  a  wide  area  under  the  following  classifica- 
tion: 


Shenango  Group — sandstones  and  shales. 
Meadville  Group — sandstones,  limestones,  and  shales. 
Oil   Lake  Group — mostly  sandstone  and  shales. 
Venango  Oil   Sand   Group — sandstones  and  shales. 


The  whole  group  has  an  average  thickness  in  northwest- 
ern Pennsylvania  of  752  feet. 

In  Ohio  the  classification  is  as  follows,  according  to 
Prosser   (Ohio  Geological  Surve}^,  Bulletin  15,  p.  352)  : 
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Logan. 
Black  Hand. 
Cuyahoga. 
Sunbury. 
Berea. 

In  the  above  localities  fossil  shells  are  found  in  these 
strata  so  that  they  can  be  traced  from  one  section  to  another 
and  properly  correlated,  but  such  fossils  are  absent  in  the 
West  Virginia  Pocono  and  plant  fossils  are  only  found  here 
and  there. 

The  West  Virginia  Pocono  on  account  of  its  isolation 
from  the  outcrops  in  Pennsylvania  and  from  its  absence  of 
fossil  shells  can  not  be  correlated  in  its  subdivisions  with 
those  in  that  State.  It  is  impossible  to  state  whether  the 
divisions  of  the  Pocono  correspond  to  any  of  the  Ohio  or 
Pennsylvania  named  divisions.  In  fact,  the  Pennsylvania 
geologists  who  studied  the  formation  further  east  and  south- 
east were  unable  to  follow  any  definite  terminology  for  the 
subdivisions  of  the  Pocono  over  any  large  areas  in  those 
directions. 

The  Lower  Carboniferous  or  Mississippian  Formation? 
have  been  studied  in  great  detail  in  the  Mississippi  Valley  and 
the  name  Mississippian  is  given  to  them  from  that  locality. 
The  limestones  so  characteristic  of  that  valley  are  absent  in 
the  East,  and  the  fossil  shells  of  those  limestones  are  not 
found  in  the  West  Virginia  Pocono,  so  that  again  correlation 
can  not  be  carried  eastward  in  this  formation  with  any  detail 
though  the  general  relation  of  the  Pocono  in  time  with  that 
of  the  Mississippi  Valley  is  known.  The  formations  in  that 
valley  are  divided  by  Schuchert  into  the  following  groups 
(Bull.  Geol.  Soc.  Amcr,  Vol.  70,  p.  548,  553)  : 

Chesterian. 
Meramecian. 

()s;iLrian. 
Kinderhookian. 

According  to  tin-  correlation  of  Schuchert,  the  Chesterian 
i     represented  in  the   Eas1   in   the  Appalachian   Area  by  the 
Mauch  ('hunk  and  Greenbrier,  while  the  Meramecian  is  prob 
ably   absent,  and    the    Pocono  corresponds  to  the  lower  two 

division    . 


CHAPTER  VI. 


THE  DEVONIAN  PERIOD— THE  CATSKILL 
FORMATION. 


Below  the  Carboniferous  System  of  rocks  is  the  Devonia 
named  from  its  occurrence  in  Devonshire,  England,  where  il 
was  first  studied.  In  this  country  the  first  detailed  work  on 
this  great  system  of  rocks  was  carried  forward  by  the  geolo- 
gists of  the  New  York  Survey  and  the  names  given  by  them 
were  taken  from  typical  localities  of  outcrops  in  that  State, 
and  these  same  names  are  applied  to  the  divisions  of  the 
Devonian  throughout  this  country  wherever  they  can  be  cor- 
related with  the  strata  in  New  York.  The  subdivisions  of  this 
system  of  rocks  now  recognized  are  as  follows  from  top  to 
bottom. 

f  Catskill.. 
Upper...  J  Chemung  1 

]  Portage..  \-    (Jennings  of  U.  S.  G.  Survey  publications). 
[ Genesee .  J 

|"  Hamilton  ] 
Middle.  .  -{  Marcellus  [  (Romney  of  U.  S.  G.  Survey  publications). 
[  Onondaga  J 

Lower  .  .  j  Oriskany. 

|  Helderberg. 

At  the  top  of  the  Devonian  is  the  Catskill  Formation 
which  is  the  subject  of  the  present  Chapter,  and  which  is  to 
be  regarded  as  a  coastal  land  facies  of  the  Chemung  and 
therefore  cotemporaneous  with  it.  The  Catskill  is  composed 
of  red  beds,  red  shales  and  sandstones  mingled  with  those  of 
green  color,  practically  barren  of  fossils,  and  extending  iro 
almost   unbroken    lines    from    New   York   to    southern    West. 
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Virginia.  The  group  was  known  in  the  Rogers  classification 
as  Formation  No.  IX,  and  was  named  by  Vanuxem  in  New 
York  State,  the  Catskill,  from  its  great  development  in  the 
Catskill  Mountains  of  that  State,  which  are  described  by  Les- 
ley as  "a  lofty  table-land  of  red  and  gray  sandstone  and  red 
and  gray  shale  strata  lying  nearly  flat,  but  turning  up  along 
the  southern  wall  with  dips  of  10,  20,  or  30  degrees  northwest- 
ward ;  and  here  supporting  remnants  of  still  higher  gray  sand- 
stone deposits  constituting  isolated  peaks,  some  of  which 
reach  heights  of  4,500  feet  above  tide".  The  upper  gray  beds 
known  as  the  Gray  Catskill,  according  to  Lesle3^,  belong  in 
the  Pocono. 

The  formation  extends  southward  across  Pennsylvania 
and  Maryland  into  West  Virginia.  In  western  Pennsylvania 
Lesley  states  that  the  Catskill  does  not  come  to  the  surface 
except  in  some  of  the  river  gaps  across  anticlinal  ridges  until 
it  appears  as  a  thin  formation  in  Erie  and  Crawford  Counties 
and  in  Ohio,  but  it  is  passed  through  in  the  various  oil  wells. 
According  to  this  same  authority,  it  has  been  eroded  awa> 
from  the  middle  of  Pennsylvania  west  of  the  Susquehanna 
River  except  in  Perry  County  and  in  the  deep  synclinal  trough 
of  Huntingdon,  Bedford,  and  Fulton  Counties. 

In  the  northeastern  portion  of  that  State,  Dr.  I.  C.  White 
determined  the  thickness  of  the  Catskill  as  1,530  feet,  with  375 
feet  of  Catskill-Pocono  transition  beds.  He  there  named  a 
number  of  the  subdivisions  of  the  Catskill  and  was  able  to 
trace  them  southward  through  the  counties  on  the  Delaware 
and  Lehigh  Rivers.  Further  away  it  seemed  impossible  to 
follow  these  divisions  with  any  degree  of  accuracy.  The 
thickness  of  the  formation  in  Wayne  County  was  2,740  feet, 
and  eighty  miles  west  in  Tioga  County  it  decreased  to  1,940 
feet,  and  100  miles  further  west  in  Venango  County,  the  thick- 
ness had  decreased  to  540  feet,  or  a  decrease  of  10  to  14  feet 
to  the  mile.    In  Lycoming  County,  the  thickness  was  506  feet. 

The  formation  varies  so  much  in  thickness  in  short  (lis 
tances  and  the  relation  of  sandstones  to  shales  also  varies  in 
short  limits  that  it  is  usually  impossible  to  carry  any  detailed 
correlation    of    strata    of    this    formation    from    one    area     to 
another.     In  the  northeastern  counties  of  Pennsylvania,  there 
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appears  to  be  more  regularity  and  Dr.  I.  C.  White  was  able 
to  identify  certain  portions  of  the  section  for  considerable  dis- 
tances. He  found  plant  remains  poorly  preserved  but  no  trace 
of  shells.  He  determined  a  regular  order  of  certain  beds  of 
red  shales  in  relation  to  certain  quarry  sandstones,  siliceous 
limestone  breccias  that  seem  to  have  been  formed  from  the 
wash  of  some  older  limestone  rock.  This  section  is  interesting 
in  its  correlation  and  shows  the  character  of  the  Catskill  in  a 
portion  of  the  State  "where  its  sandstones  become  of  economic 
importance  as  building  stone  and  it  is  here  reproduced  in 
somewhat  condensed  form  from  Dr.  White's  Report  G5,  p.  56: 

Section  of  Catskill  in   Northeastern   Pennsylvania 
(I.  C.  White). 

Feet.  Feet. 

Pocono  Sandstones  and  shales 665 

Oatskill-Pocono  transition  beds 375 

Catskill  Strata,  proper. 

Mount   Pleasant   Red   Shale 150 

Elk  Mountain  Shales  and  Sandstone 150 

Cherry  Ridge  Conglomerate 20 

Gray  shales  and  sandstone 35 

Limestone   5 

Red   Shale 110 

Honesdale   Sandstone 90 

Montrose  Red  Shale 180 

Paupack  Sandstone  and  shales,  red  and  green 225 

New  Milford   Sandstones 365 

New  Milford  Shales,  red  and  olive 100 

Starucca  Shale,  gray  and  olive,  thin  sandstones.  .        .  105 

1530 
Chemung    Shales 275 

In  Perry  County,  Claypole  estimated  the  thickness  of  the 
Catskill  as  6,000  feet,  and  above,  the  Pocono  measured  2,000 
feet.  Dr.  White  secured  measurements  of  4,500  feet  in 
Northumberland  and  4,330  at  Catawissa.  These  measureL 
ments  seem  to  represent  the  greatest  thickness  of  the  forma- 
tion in  that  State.  Lesley  states  that  in  Huntingdon,  Bedford, 
and  Fulton  Counties,  on  the  west,  red  shale  predominates  in 
the  upper  and  middle  two-thirds  of  the  formation,  while  on  the 
east,  there  is  a  far  greater  proportion  of  gray  shales  and  sand- 
stones than  of  red. 
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On  Sideling  Hill  in  Huntingdon  County,  Ashburner  mea- 
sured a  detailed  section  of  the  Catskill.  This  ridge  is  a  con- 
tinuation of  the  one  in  the  western  part  of  Morgan  County, 
West  Virginia,  with  its  associated  Catskill  beds  and  shows 
the  characters  of  the  formation  further  north.  It  is  here  given 
in  condensed  form  from  I.  C.  White's  Report,  T3,  p.  95 : 

Section  of  Catskill  on  Sideling  Hill,  Pennsylvania 
(Ashburner). 

Feet. 
Catskill  Beds. 

Red  shales  and  sandstones 175 

Red    shales,    soft    and    bright    alternating   with 

greenish-gray  slaty   sandstones 100 

Red  shales  and  red  flags,  alternating  with  mas- 
sive shaly  yellow-gray  and  white  sand- 
stones     1520 

Red  shales,  sandy  and  clayey;  lower  part  rip- 
ple-marked and  seaweed  impressions 270 

Red   sandstone,   massive   and   red   shale,  broAvn 

sandstones  towards  the  bottom 140 

Red  and  gray  shales  and  massive  gray  sand- 
stones with  very  small  coal  seams 290 

Shales,  sandy,  yellow,  with  friable  red  shale  and 

brownish  sandstones 60     2680 


This  section  shows  a  similarity  in  thickness  to  the  one 
given  below  as  measured  on  the  west  side  of  Sideling  Hill 
along  the  Potomac  and  the  character  of  the  rocks  of  the  sec- 
tions are  somewhat  similar.  The  light-brown  sandstones 
occur  near  the  bottom  in  both  sections  though  the  lower 
green  sandstones  are  not  recorded  in  the  northern  secilon. 

In  Fulton  County,  Stevenson  states  that  "the  Catskill  is 
a  mass  of  shale  and  sandstone  with  no  definite  succession 
of  beds.  A  section  obtained  at  one  locality  would  be  of  little 
service  four  or  five  miles  away,  as  the  sandstones  and  shales 
replace  each  other  suddenly".  He  also  found  that  the  thick- 
ness decreased  rapidly  westward  and  in  the  middle  of  the 
count}    <hi   the  cast   side  of  Sideling  llill  "it  consisted  wholly 

>n  red  shales  and  occasionally  flags  of  sandstone  for  1,000 
feel  down  from  iis  top.  Below,  brownish  or  greenish-red 
sandstones  extend  down  to  within  250  feet  of  the  assumed 
base;  then  come  red  and  yellow  shales".    He  also  found  that 
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the  sandstones  were  much   cross-bedded  and  many  of  them 
showed  pitted  surfaces. 

In  Maryland,  Swartz  in  the  State  Geological  Survey 
Report  on  the  Devonian  (p.  400)  states  that  "in  the  lower 
part  of  the  Catskill  Formation,  the  rocks  consist  of  brownish - 
red  sandstones  alternating  with  thick  bands  of  red  argillaceous 
shale,  while  there  are  occasional  thin  bands  of  greenish  shale. 
.  .  .  .  In  the  upper  part  of  the  formation  there  is  a  great 
thickness  of  greenish- gray  sandstone  and  shale,  alternating 
with  red  rocks  of  similar  lithological  composition.  .  .  . 
The  sandstones  are  conspicuously  micaceous,  cross-bedded 
structure  is  not  infrequent  and  in  some  localities  there  is  a 
rapid  horizontal  change  from  sandstone  to  shale  deposits  or 
the  reverse."  He  also  states  that  the  thickness  of  the  Catskill 
in  Washington  County  is  about  3800  feet  and  in  the  eastern 
part  of  Garrett  County  it  is  1800  to  2200  feet. 

THE  CATSKILL  IN  MORGAN  AND  BERKELEY 
COUNTIES,  WEST  VIRGINIA. 

In  Morgan  and  Berkeley  Counties,  West  Virginia,  the 
Catskill  is  exposed  in  several  sections  in  typical  exposures. 
It  is  composed  essentially  of  green  and  red  sandstones  and 
shales.  The  green  sandstones  and  light-brown  sandstones  a; 
characteristic  of  the  lower  portion  of  the  formation  and  they 
are  seen  in  massive  ledges  mingled  with  red  sandstone  in  the 
cuts  of  the  new  lines  of  the  Baltimore  and  Ohio  Railroad  at 
the  western  side  of  Morgan  County.  These  sandstones  in 
those  fresh  exposures  are  solid  ledges  of  fine-grained,  bright- 
colored  strata,  with  a  most  durable  appearance  and  have  the 
appearance  of  a  valuable  quarry  stone.  Some  of  the  ledges 
are  hard  as  granite,  but  on  exposure  the  green  color  changes 
to  a  greenish-gray  and  the  rock  breaks  more  or  less  flaggy 
and  shaly,  so  that  it  is  far  from  being  as  durable  as  it  appears 
to  be.  The  red  sandstone  varies  in  color  from  a  deep-brown 
to  a  light-brown  and  to  bright-red.  It  is  dotted  with  minute 
mica  flakes  which  give  the  surface  a  spangled  effect.  The  rock 
is  finely  granular  and  in  some  cases  coarse-grained  and  occurs 
in  solid  ledges  which  like  the  green  rock  soon  weathers  flaggy 
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and  shaly.  The  new  railroad  cuts  with  the  alternation  of 
brown,  red,  and  green  colored  strata  give  a  brilliant  picture 
effect.  Tn  the  older  cuts  the  same  colors  persist  but  less  bril- 
liant as  a  rule  and  the  solid  ledges  are  less  common.  In  the 
Western  Maryland  Railroad  cuts  across  the  Potomac  from 
Lineburg,  there  is  a  succession  of  green,  brown,  and  red 
sandstones  separated  by  red  and  green  shales  all  dipping 
eastward  at  rather  steep  angle  and  resembling  a  masonry  wall, 
and  here  the  effects  of  weathering  after  a  few  years'  exposure 
can  be  studied.  The  colors  have  not  altered  much,  but  the 
iedges  of  sandstone  have  become  quite  shaly  in  many  places 
and  some  of  the  shale  ledges  have  crumbled  to  fine  flak}' 
shales  and  even  into  clay.  The  apparently  solid  ledges  of 
green  sandstone  when  struck  with  the  sledge  break  into 
slabs.  In  places  the  solid  ledges  grade  into  shaly  or  flaggy 
shales  of  the  same  color.  The  sandstones  vary  in  the  Catskill 
from  solid  ledges  to  flagstones,  and  the  latter  seem  character- 
istic of  the  whole  formation. 

In  the  older  exposures  back  from  the  river  in  ravines  and 
on  county  road  shales  appear  to  predominate  and  sectic 
made  in  such  localities  appear  to  be  two-thirds  shale,  but  in 
such  places  the  flaggy  sandstones  have  weathered  into  shales 
and  only  the  most  resistant  ledges  remain  and  even  these  are 
reduced  in  thickness  by  the  shaly  upper  portions.  Sandstones 
are  thus  replaced  by  shales  in  short  distances,  the  same  as 
described  above  in  reference  to  the  Catskill  in  Pennsylvania, 
so  that  it  is  here  also  impossible  to  trace  the  members  of  the 
sections  any  distance  across  the  country.  The  fresh  expo- 
sures in  the  nvw  railroad  cuts  seem  to  show  that  in  this  area 
sandstones  are  the  prevailing  rocks,  and  shales  only  occur 
li<  re  and  there  through  the  mass  except  where  they  are  due 
to  the  weathering  of  a  flaggy  or  shaly  sandstone  ledge.  The 
original  shales  of  the  sections  arc  usually  green  or  red  in 
color,  the  prevailing  color  is  the  red,  and  the  green  shales 
while  found  in  small  development  in  the  upper  portions  ol  t In- 
formation arc  mainly  confined  to  the  lower  portions  and  there 
are  often  due  to  the  weathering  of  the  green  sandstone.  The 
hales  are  variable  in  texture,  some  are  platy  solid  shales  ol 
quite  uniform  thickness  ol  plates  ami  represent  weathered  flag- 
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stone.  Others  are  smooth  clay  shales  often  a  brilliant-red 
color  that  break  in  fine  flakes  almost  free  from  any  visible 
sand.  Others  break  in  concretionary  nodules  but  still  in  the 
form  of  smooth  flakes,  while  others  weather  to  mud  balls 
and  apparently  represent  old  mud  sediments  loosely  consoli- 
dated ;  they  show  no  arrangement  in  parallel  beds,  breaking 
irregularly  and  soon  weather  to  a  loose  soil  or  mud.  Some 
of  the  shales  are  of  bright-green  color. 

The  sandstones  are  flaggy,  nodular,  or  blockyi  Some  of 
these  solid  blocky  ledges  are  15  to  20  feet  thick  unbroken  in 
fresh  exposures,  and  by  weathering  break  into  large,  more  or 
less  cubical  blocks.  Some  ledges  are  cross-jointed  and  break 
down  into  angular  blocks  and  wedges,  while  others  have  ? 
nodular  outline.  Nearly  all  show  micaceous  surfaces,  the 
amount  of  mica  varying  in  different  ledges.  The  flag  sand- 
stones break  along  these  mica  planes  into  large  and  small 
slabs  with  glistening  surfaces.  In  color  some  of  these  sand- 
stones are  a  beautiful  brown,  fine-grained  and  hard,  while 
others  are  of  a  deep  chocolate-brown  color.  The  red  sand- 
stone is  usually  in  more  broken  or  flaggy  ledges.  The  soil  re- 
sulting from  the  decay  of  the  Catskill  rocks  is  nearly  always 
bright-red  and  very  productive.  It  is  especially  adapted  to 
orchard  growth  resulting  in  better  colored  and  flavored  apples 
than  on  the  buff  shale  of  the  adjacent  formations. 

Cross-bedding  is  very  characteristic  of  the  group  and  the 
oblique  stratification  is  seen  in  nearly  all  exposures.  It  is  well 
developed  in  the  flaggy  sandstones  and  is  also  observed  in  the 
red  shales.  Ripple-marks  are  found,  but  they  were  not  ob- 
served in  any  great  number  of  exposures.  Pitted  surfaces  are 
seen  which  probably  represent  rain-drop  impressions.  Traces 
of  fossil  land-plants,  Avorm-burrows,  and  rarely  fresh-water 
shells  are  reported  from  these  rocks,  but  none  was  observed 
in  the  present  study.  Mud-cracks  were  seen  in  the  sandstones 
of  the  railroad  cuts.  Conglomerates  are  said  to  be  character- 
istic of  the  eastern  outcrops  in  Pennsylvania  and  New  York, 
but  were  found  at  only  a  few  places  in  this  area  and  there 
poorly  developed.  Near  the  north  end  of  the  Meadow  Branch 
Valley  many  concretion-like  pebbles,  oblong  in  shape,  were 
found  in  a  ledge  of  the  Catskill.     These  kidney  pebbles  were 
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of  sandstone  and  laid  down  in  loose  parallel  layers  in  a  very 
loosely  cemented  mud  shale  with  a  thickness  of  four  feet. 

At  the  top  of  the  formation,  the  Catskill  grades  into  the 
Pocono  so  gradually  that  it  is  difficult  to  draw  the  line  be- 
tween the  two  groups,  and  the  top  was  taken  in  this  area  at 
the  base  of  a  basal  conglomeratic  buff  sandstone  of  the  Pocono 
when  this  was  present,  as  it  was  in  the  Sideling  Hill  outcrops, 
otherwise  it  is  taken  at  the  base  of  a  heavy  ledge  of  buff 
sandstone  which  is  regarded  as  Pocono.  At  the  base,  the 
formation  grades  without  any  break  into  the  Chemung  olive- 
green  shales,  but  this  line  is  even  harder  to  locate  than  the 
upper  limits,  as  red  beds  occur  through  the  upper  part  of  the 
Chemung.  Where  fossils  are  present  in  the  Chemung  at  the 
top,  the  line  can  be  drawn  more  accurately.  The  base  of  the 
Catskill  in  this  Report  is  placed  at  the  lowest  limit  of  distinctly 
red  beds  and  the  beginning  of  the  buff  to  greenish  shales,  but 
it  is  a  very  uncertain  line  and  can  only  be  regarded  as  approxi- 
mately correct.  Different  observers  would  place  the  line  at 
different  limits  and  it  is  probable  that  no  two  maps  of  the  area 
would  exactly  agree  and  the  measurements  of  the  same  sec- 
tions by  different  persons  would  thus  vary.  The  lines  of  the 
Catskill  as  drawn  on  the  maps  accompanying  this  Report  are 
made  as  nearly  correct  as  possible  but  at  the  same  time  are 
only  approximations  of  the  boundaries,  but  the  error  would 
hardly  show  on  the  scale  of  the  present  maps. 

On  account  of  the  variations  in  sections  over  the  area 
shales  and  sandstones  not  being  continuous  at  any  given 
horizon  for  any  great  distance,  geological  sections  are  not  oi 
much  value  except  to  indicate  the  thickness,  and  to  illustrate 
this  alternation  of  green  and  red  sandstones  and  shales.  The 
following  section  was  measured  with  steel  tape  along  the 
comparatively  recent  cuts  of  the  Western  Maryland  Railroad 
nn  tin-  north  bank  of  the  Potomac  in  Maryland  nearly  oppo- 
site Lineburg.  The  corrections  for  dip  have  been  made,  ll 
i-  here  almosl  impossible  to  place  the  exact  line  between  the 
Catskill  .Hi'!  Chemung,  as  there  is  a  marked  development  <>' 
nd  strata  in  the  upper  pari  of  the  Chemung  at  this  place.     In 

I  '  lion  this  line  was  placed  2130  feet  east  of  the  east  portal 
of  the  long   railroad   tunnel.      In   this  interval  are   1  .S.^O  feet  of 
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green  and  red  strata  very  similar  to  the  Catskill,  but  this  line 
is  continuous  with  the  Chemung  to  the  south  of  the  river  and 
is  probably  very  close  to  the  boundary  line  between  the  two 
formations.     The  section  is  as  follows : 

Section   of    Catskill   on   Western    Maryland    Railroad,    North 
Bank  of  Potomac  River. 

Feet. 

Green  flag  sandstone,  solid  ledges 187 

Green  shales,  some  flag  green  sandstone 39 

Red  flaky  shales  and  green  flag  sandstone 337 

Green  sandstone 35 

Red  shales,  some  ledges  red  blocky  sandstone 244 

Green  and  brown  sandstone 35 

Red    shales 14 

Green  sandstone  and  red  shales 19 

Dark-brown    sandstone 85 

Dark-brown  sandstone  and  red  shales 153 

Red  blocky  sandstone,  dark-brown,  and  red  shales.  .  190 

Green  flaggy   sandstone 18 

Dark-brown    sandstone 72 

Red  rectangular  blocky  sandstone 36 

Dark-brown  sandstone,  in  large  ledges 54 

Red  shaly  sandstone,  one  green  ledge 36 

Red  shaly  sandstone 18 

Light-brown  blocky  sandstone,  and  red  shaly  courses  108 
Light-brown  sandstone   and   shaly  red   in   alternate 

ledges    70 

Light-brown   flaggy   sandstone 80 

Red  shaly  sandstone 40 

Light-brown  sandstone  in  blocky  ledges 32 

Red    blocky    sandstone 40 

Light-brown  sandstone  in  thick  blocky  ledges 32 

Shaly  and  flaggy  reddish-brown  sandstone 30 

Light-brown  sandstone  in  solid  ledges 32 

Green  sandstone  in  blocky  solid  ledges 60 

Red    shaly    sandstone 30 

Light-brown  sandstone  in  solid  ledges 30 

Greenish  shales,  very  crumbly 15 

Light-brown   sandstone   in   solid   ledges 30 

Red  very  shaly  sandstone 15 

Green  very  shaly  sandstone 15 

Light-brown  sandstone  with  six-foot  ledge  green...     15 

Shaly  red  sandstone 65 

Light-brown  sandstone  with  some  green  at  top 95 

Red  and  green  flaggy  sandstone 30 

Red  blocky  and  shaly  sandstone 35 

Light-brown   solid  ledges   sandstone  with  four  feet 

of  green  sandstone  at  top 40 

Red  shaly  and  solid  ledges  sandstone 45 

Red    shales 32 

Red  blocky  sandstone  granular  and  micaceous 60 

Green   flaggy   sandstone 15 

Red   shaly   sandstone 15 
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Feet. 

Red  sandstone  in  solid  blocky  ledges 30 

Red  shales 15 

Red  and  light-brown  flaggy  sandstone 30 

Green  shaly  sandstone 15 

Red  shaly  sandstone 25 

Red  shaly  sandstone  and  green  flaggy  sandstone..  .  24 

Light-brown  sandstone,  shaly  green  below 22 

Green  flaggy  sandstone 35 

Red  sandstone  in  solid  blocky  ledges 45 

Green   flaggy   sandstone 57 

Green  and  red  shaly  sandstone,  mixed  and  contorted  70 

Red  solid  sandstone  weathers  shaly 25 

Dark-brown   sandstone 10 

Red    shaly    sandstone 35     3116 

Series  of  red  and  green  shaly  and  flaggy  sandstones, 
red  shales,  show  ripple-marks  and  represent 
either  Chemung  or  transition  beds 1830  feet. 

If  the  red  and  green  beds  to  the  west  to  the  tunnel  portal 
are  included,  the  thickness  would  reach  4,946  feet,  or  almost 
5,000  feet,  which  is  too  large  when  compared  with  the  adjoin- 
ing sections  to  the  south  and  southeast,  so  that  the  thickness 
of  3,116  feet  is  probably  very  nearly  correct. 

While  to  the  south  and  east  the  green  sandstones  are 
apparently  more  common  in  the  basal  portions  of  the  sections, 
they  are  seen  in  the  above  section  to  occur  all  through  the 
formation  from  the  bottom  to  the  top.  In  the  upper  third  of 
the  series,  there  are  306  feet  of  green  sandstone  and  shale,  218 
feet  in  the  bottom  third,  and  80  feet  in  the  middle  portion,  or  a 
total  of  604  feet,  about  one-fifth  of  the  total  thickness.  The 
amount  of  red  shales  is  453  feet,  or  about  one-seventh,  though 
in  addition  there  are  numerous  beds  of  shaly  red  sandstone 
that  weather  to  shales  in  long  exposures. 

The  above  section  may  be  condensed  into  the  following 

groups : 

Feet. 
Green  sandstones  and  red  shales  or  shaly  sandstone  910 
Dark-brown    sandstone,    and    red    shales,    or    shaly 

sandstone   762 

Lighl  brown   sandstone,  red  shales,  or  shaly  sand- 
tone  and  some  green  sandstones 839 

Red  and  green     andstones  and  shales 605    3116 

A  partial  section  of  1,035  feel  was  measured  >>n  the  east 
limb  of  the  syncline  one  and  a  half  miles  south  of  Sleepy  Creek 
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PLATE  XII (A). —Pebble   Conglomerate  Ledge  in  Catskill  Shales  up  Meadow 

Branch. 


PLATE  XII (B). — Bossardville   Limestone  Cliff  on  Cacapon  River  near  Ziler 
Ford,  Morgan  County. 
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Station,  and  75  per  cent,  of  the  series  was  red  shale.  The  rocks 
are  here  exposed  in  a  deep  ravine  and  have  been  subjected  to 
a  long  period  of  weathering,  so  that  the  shaly  and  flaggy 
ledges  have  broken  down  into  shales.  The  more  resistant 
ledges  remain,  some  of  which  have  a  thickness  of  35  to  40  feet. 
Nearly  all  the  sections  further  south  show  this  same  predom- 
inance of  shales,  but  the  fresh  railroad  cut  exposures  show 
that  shale  is  not  the  predominant  rock  of  the  series  in  this  area, 
but  on  account  of  their  soft  non-resistant  nature  they  soon 
grade  into  the  shales. 

The  thickness  of  the  Catskill  Formation  east  of  Third 
Hill  Mountain  opposite  Hedges  Mountain  was  calculated  t 
be  3,757  feet ;  on  the  west  limb  of  the  syncline  north  of 
Meadow  Branch  Mountains,  or  one  and  a  half  miles  south  of 
Sleepy  Creek  Station,  it  is  3,537  feet;  and  on  the  east  limb  of 
this  same  syncline  it  is  3,000  feet.  West  of  Woodmont  the 
thickness  was  determined  as  2,495  feet.  East  of  Orleans 
Crossroads  and  up  Sideling  Hill  it  was  3,200  feet.  But  in  this 
section  the  base  of  the  Catskill  is  very  difficult  to  separate 
from  the  Chemung  and  some  of  the  latter  beds  may  be  in- 
cluded, though  this  figure  agrees  with  the  section  measured 
on  the  Western  Maryland  Railroad  about  two  miles  north, 
which  is  given  in  the  above  detailed  section  as  3,116  feet. 

The  thickness  thus  decreases  from  east  of  Third  Hill 
Mountain  to  Orleans  Road,  557  feet  in  a  distance  of  fourteen 
miles,  or  about  40  feet  to  the  mile.  Martin  in  the  Maryland 
Geological  Survey  Report  on  Garrett  County  determined  the 
thickness  of  the  Catskill  in  the  eastern  portion  of  that  county 
as  1,800  to  2,200  feet,  which  would  represent  an  average  of 
2,000  feet,  and  this  point  is  40  miles  west  of  Orleans  Road,  a 
decrease  in  thickness  of  30  feet  to  the  mile.  He  determined 
the  thickness  in  the  western  part  of  Garrett  County  to  be 
1,200  to  1,400  feet,  or  a  decrease  of  600  to  800  feet  in  a  distance 
of  about  twenty  miles,  or  25  feet  to  the  mile. 

Hennen  measured  a  section  of  the  Catskill  at  Rowlesburg 
in  Preston  County,  West  Virginia,  and  determined  the  thick- 
ness to  be  601  feet.  This  would  represent  a  decrease  of  700 
feet  from  the  section  in  western  Garrett  County,  fourteen  miles 
east,  or  50'  feet  to  the  mile.     The  decrease  in  thickness  from 
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Orleans  Road  to  Rowlesburg  is  2,600  feet,  and  the  distance 
is  70  miles  south  of  west,  or  an  average  decrease  in  thickness 
for  the  whole  distance  of  37  feet  to  the  mile. 

In  Pennsylvania,  according  to  Professor  Stevenson,  the 
thickness  of  the  Catskill  decreases  from  3,700  feet  in  Fulton 
County  to  1,980  feet  in  western  Bedford,  35  miles  distant,  or 
50  feet  to  the  mile. 

Hennen  in  his  Preston  County  Report  of  the  West  Vir- 
ginia Geological  Survey  (p.  100)  gives  a  section  of  the  Cats- 
kill  Formation  near  Rowlesburg  which  is  here  given  in  a  con- 
densed form : 

Section  of  Catskill  at  Rowlesburg,  Preston  County  (Hennen). 

Feet. 

Red  shale 10 

Sandstone,    massive 60 

Sandstone,  gray,  hard,  micaceous 38 

Red  shale  and  shaly  sandstone 44 

Sandstone,  massive,  reddish-gray 56 

Red  shale  and  shaly  sandstone 40 

Sandstone,  green,  micaceous,  and  red  shales 63 

Red  shales  and  thin  sandstones 50 

Red  shales  and  sandstones  alternating 196 

Sandstone,  green,  brown,  fine 25 

Red  shales 8       601 

Chemung  Series. 

This  section  shows  a  similar  alternation  of  red  shales  and 
sandstones  to  the  sections  further  east  in  Morgan  and  Berke- 
ley Counties.  It  shows  the  presence  of  green  sandstones  but 
they  arc  small  in  total  amount  and  found  near  the  middle  of 
the  section  and  at  the  base. 

The   oil   wells    in   the    central    and   western    portions    of 

t  Virginia  are  in  many  places  drilled  into  and  through  the 
I  atskill  beds  and  a  number  of  paying  sands  are  known  in 
thai  series.  Near  the  top  are  the  Gantz  and  "Fifty-foot" 
Sands,  .r()  to  LOO  feet  thick,  and  described  by  Dr.  I.  C.  White 

oarse,  pebbly,  solid  sandstones  in  Monongalia  and  Marion 

Counties.      In    this   series  also   comes  the   "Thirty-foot"  gas 

Sand,  and  the  Gordon  Sand,  in  which  Dr.  White  states  the 

1   and   in" -1   productive  oil  wells  have  been  found.     In 
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this  series  is  the  McDonald  or  "Fifth  Oil  Sand"  of  Pennsyl- 
vania, which  is  a  gas  sand  near  Weston  and  Clarksburg;  also 
the  Bayard  or  "Sixth"  Sand,  a  gas  and  oil  sand  5  to  25  feet 
thick  and  very  productive  in  portions  of  Monongalia  and 
Marion  Counties. 

In  Taylor  County  the  well  records  show  a  thickness  of 
560  feet  of  Catskill  beds ;  near  Morgantown,  480  to  504  feet ; 
in  Harrison  County,  420  to  560  feet;  in  Wetzel  County,  410 
feet;  and  in  Greene  County,  Pennsylvania,  396  feet.  The  dis- 
tance from  Rowlesburg,  where  Hennen  measured  the  Cats- 
kill  as  601  feet  thick,  to  Wetzel  County,  where  the  thickness 
is  410  feet,  is  45  miles  with  a  decrease  in  thickness  of  190  feet 
or  about  four  feet  to  the  mile.  The  variation  in  thickness  of 
the  Catskill  from  central  West  Virginia  west  in  the  oil  fields 
is  not  large.  In  fact  there  is  quite  a  uniformity  in  the  thick- 
ness in  this  belt  and  the  average  thickness  is  around  550  feet. 

OUTCROPS. — The  Catskill  Rocks  outcrop  in  four  areas 
in  Morgan  and  Berkeley  Counties,  on  each  side  of  the  Purslane- 
Sideling  Hill  Mountain,  and  on  both  sides  of  the  Meadow 
Branch  Mountains.  At  the  west  side  of  Purslane  Mountain, 
the  red  rocks  of  the  Catskill  extend  across  Morgan  County 
southwest  to  northeast  in  a  belt  three-fourths  to  two  and  a  halt 
miles  wide  extending  up  the  slope  of  the  mountain  to  a  height 
of  1300  to  1500  feet  above  tide,  or  about  800  to  1000  feet  above 
the  Potomac  level.  Near  the  top  it  is  covered  by  the  Pocono 
beds.  On  the  west  it  extends  to  the  river  valley  and  the  east- 
ern bends  of  the  river  are  cut  into  it.  The  formation  there 
grades  into  the  Chemung  Shales  so  that  it  is  impossible  to 
accurately  separate  the  two  groups.  Stose  from  his  studies 
of  this  area  (Pawpaw-Hancock  Folio)  separated  about  500 
feet  thickness  of  these  beds  on  this  border  line  which  he 
marked  as  the  Catskill-Jennings  (Chemung)  transition  beds, 
thus  separating  them  from  the  regular  Catskill.  Along  this 
western  edge  the  basal  beds  are  green  and  red  sandstones  well 
exposed  in  the  new  cuts  of  the  railroad.  Eastward  toward 
the  mountain,  the  formation  is  composed  of  red  shales  and  red 
solid  and  flaggy  sandstones.  The  sandstone  weathers  to 
shales  so  that  over  this  weathered  zone  the  prevailing  rock 
exposed  is  shale.     The  runs  have  cut  deep  valley  gorges  in 
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these  soft  beds  and  the  water  flows  over  ledges  of  more  re- 
sistant sandstone  in  waterfalls.  The  hills  are  more  or  less 
rounded  and  the  slope  to  the  river  is  rather  steep. 

The  second  outcrop  of  the  Catskill  beds  is  to  the  east  of 
Sideling  Hill  in  a  belt  parallel  to  the  first  and  with  an  average 
width  of  three-fourths  mile.  It  reaches  up  the  mountain  slope 
to  the  1200-  to  1500-foot  contours,  which  is  about  the  same 
height  as  on  the  west  side  of  the  mountain.  This  belt  widens 
at  the  Potomac  to  one  and  a  fourth  miles  and  is  there  sepa- 
rated from  the  west  belt  by  a  very  narrow  ridge  of  Pocono. 
Its  upper  limit  on  the  mountain  is  at  the  buff  sandstone  of 
the  Rockwell  division  of  the  Pocono,  and  eastward  it  grades 
into  the  Chemung  where  the  exact  line  is  again  doubtful. 

The  third  outcrop  is  on  the  west  side  of  Sleepy  Creek 
Mountain  in  a  belt  one  to  one  and  a  fourth  miles  wide.  Sleepy 
Creek  cuts  into  this  formation  toward  the  north,  but  its  valley 
at  the  south  is  in  the  Chemung  Shales.  The  Catskill  beds 
extend  up  the  slope  of  the  mountain  to  the  Pocono  beds  at 
about  contours  1400  to  1500. 

The  fourth  area  is  on  the  east  side  of  Third  Hill  Moun- 
tain in  a  long  narrow  belt  of  red  shales  and  sandstones  with 
a  very  uniform  width  of  about  three-tourths  mile,  reaching  up 
the  mountain  slope  to  an  elevation  of  1100  feet  above  tide. 
This  area  is  marked  by  a  long  line  of  apple  and  peach  orchards. 
At  the  north  end  of  these  two  mountains,  the  belt  west  of  the 
mountains  and  the  one  east  unite  in  a  broad  syncline  with 
minor  folds  in  it,  and  with  a  width  of  two  and  three-fourths 
mdes. 

A  small  synclinal  fold  of  the  Catskill  rocks  extends  from 
Maryland  a  short  distance  into  Morgan  County  between 
Hancock  and  Sleepy  Creek.  It  is  cut  by  the  Baltimore  and 
Ohio  Railroad  exposing  a  massive  red  sandstone  and  red 
shales.  This  outcrop  is  a  mile  and  a  half  long  on  the  railroad 
and  extends  south  nearly  a  mile.  In  the  southern  part  of 
Morgan  County  near  Ungcrs  Store,  a  broad  syncline  exposes 
the  Catskill  rocks  over  a  considerable  area. 
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CORRELATION  AND   ORIGIN  OF  THE  CATSKILL 
FORMATION. 

The  lithological  characters,  relation  of  the  strata  to 
underlying  and  overlying  beds,  the  continuation  of  the  beds 
across  Maryland  into  Pennsylvania  and  New  York  to  the 
originally  named  Catskill  Formation,  indicate  beyond  any 
doubt  that  these  beds  in  Morgan  and  Berkeley  Counties  are 
Catskill. 

The  origin  of  the  Catskill  and  the  explanation  of  its 
formation  have  been  most  puzzling  problems  in  Devonian 
geology  for  many  years,  on  account  of  its  great  thickness  of- 
red  and  green  sediments  more  or  less  loosely  cemented  to- 
gether, with  ripple-marks,  mud-cracks,  plant-markings,  all 
evidences  of  shallow-water  conditions.  Its  almost  complete 
absence  of  fossils  and  the  few  scattered  fossils  found  being 
fresh-water  forms,  have  made  the  problem  even  more  of  a 
puzzle.  It  not  only  grades  downward  into  the  Chemung,  but 
tongues  of  Catskill  penetrate  into  the  Chemung.  The  beds 
also  extend  over  the  Chemung  in  places  at  their  lower  border, 
forming  an  overlap  on  the  Chemung.  The  Catskill  differs  from 
the  Chemung  in  its  red  color,  the  latter  being  olive-green  to 
yellowish-buff;  in  its  absence  of  fossils,  the  Chemung  usually 
carries  an  abundant  marine  fauna;  in  the  flaggy  and  cross- 
bedded  character  of  its  sandstones,  the  Chemung  being  in 
more  solid  blocky  ledges  and  cross-bedding  is  practically 
absent. 

It  was  formerly  believed  that  the  Catskill  represented  a 
brackish  or  shallow  coastal  sea  deposit  succeeding  in  time  the 
marine  sand  and  mud  sediments  of  the  Chemung,  but  the  con- 
sensus of  opinion  now  is  that  the  Chemung  and  Catskill  arc 
cotemporaneous  deposits.  The  former  were  laid  down  in  an 
open  sea  to  the  west  of  the  Appalachian  land  mass,  while  the 
Catskill  were  forming  at  the  same  time  in  lagoons  along  the 
shore,  or  on  inundated  flats  bordering  the  old  Chemung  ocean, 
or  deposited  as  subaerial  deltas. 

Willis  suggested  that  the  deposits  were  laid  down  in 
deltas  in  the  shallow  coastal  waters  of  the  Devonian  sea,  and 
states  (Maryland  Geological  Survey,  Volume  IV,  p.  63)  : 
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"The  unassorted  mingling  of  sandy  and  clayey  particles  is  a  result 
of  rapid  deposition  at  the  mouths  of  muddy  streams  in  opposition  to 
waves  which  are  too  weak  to  sort  and  distribute  the  volume  of  sedi- 
ment. This  is  a  condition  of  delta  building.  In  the  Devonian  sedi- 
ments as  they  are  now  exposed  to  view,  the  typical  contour  or  profile 
of  any  delta  may  not  be  observable,  but  the  stratification  is  not  Jess 
significant.  The  frequent  and  irregular  interbedding  of  coarse  sands, 
sandy  clays,  and  clays;  the  cross-stratified  beds,  the  ripple-marked 
and  sun-cracked  mud  surfaces;  the  channels  scoured  by  transient 
streams,  all  prove  the  abundance  of  the  sediments,  the  shifting  con- 
ditions of  deposition,  the  irregularity  of  currents,  the  wide  expanses 
of  tide-flats  and  shallow  waters,  and  the  weakness  of  the  waves." 

J.  M.  Clarke,  from  a  study  of  fresh-water  fossils  from 
these  beds  and  the  character  of  the  sediments,  concluded 
(New  York  State  Museum,  Bulletin  49,  pp.  199-203,  quoted 
by  Barrell,  p.  435)  : 

"The  evidence  now  seems  fully  to  justify  the  interpretation  of 
this  deposit  as  a  sediment  accumulated  in  nearly  or  quite  impounded 
fresh  water  or  of  brackish  water  cut  off  from  the  open  sea  on  the 
west  by  a  low,  shifting  submarine  bank,  not  well  defined  in  the 
stratigraphy  save  that  outside  of  it  flourished  a  profuse  marine  fauna; 
and  on  the  east  continuous  with  and  marking  the  inception  of  the 
Catskill   sedimentation." 

Grabau1  regards  the  Catskill  as  a  river  deposit  overlapping 
the  marine  Chemung  beds  and  "along  the  border  line  the  two. 
marine  and  non-marine,  will  blend  and  it  will  appear  as  if  the 
non-marine  overlies  the  marine,  though  in  reality  it  is  more 
a  replacement  of  the  one  by  the  other." 

Stose  (Pawpaw-Hancock  Folio,  U.  S.  Geol.  Survey,  p. 
142)  gives  the  following  explanation  of  the  origin  of  the. 
Catskill : 


"Fresh-water  conditions,  which  began  earlier  and  apparently 
originated  in  the  east,  were  caused  possibly  by  excessive  rains  and 
floods  from  the  land,  which  changed  the  margin  of  the  shallow  sea 
from  salt  to  fresh  and  brought  unassorted  detritus  from  deeply  weath- 
ered areas.  The  condition  gradually  spread  westward  in  the  sea  and 
resulted  in  the  subslitulion  of  Catskill  deposition  of  red  arkosic 
debris  with  few  organic  remains  for  Chemung  sedimentation  and  ma- 
rine life." 


I '.ill  I.  Clfol.  Soc.  America,  Vol.  17,  pp.  627-629. 
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Chance  (Penna.  Geol.  Survey,  G4,  p.  115,  quoted  by 
Lesley  in  Final  Report,  Vol.  2,  p.  1618)  regarded  the  red 
Catskill  beds  as  "deposited  on  a  sloping  Chemung  shore 
which  settled  steadily  during  that  and  the  succeeding  ages,  so 
that  the  red  color  marks  higher  and  higher  strata  going  west- 
ward." Lesley  suggested  (Final  Report,  Vol.  2,  p.  1599)  that 
the  scarcity  of  fossils  in  the  Catskill  "was  probably  due  to  the 
sea  water  being  charged  with  sulphate  of  iron  (copperas),  the 
slow  peroxidation  of  which  has  reddened  so  much  of  the  whole 
formation." 

All  of  these  theories  associate  the  Catskill  beds  with  the 
ocean  either  in  the  sea  or  in  shallow  water  bordering  the  ocean 
Professor  Joseph  Barrell  has  recently  published  the  results 
of  his  studies  of  the  Catskill  Formation  and  has  brought  to- 
gether a  fund  of  valuable  data  on  the  origin  of  this  group  of 
rocks.  He  advances  a  theory  very  different  from  those  held 
in  the  past  and  regards  the  formation  as  a  delta  deposit  on 
the  landward  side  of  the  Chemung  ocean.  His  theory  is  in 
direct  conflict  with  the  past  theories  and  therefore  somewhat 
revolutionary,  yet  it  seems  to  accord  with  the  observed  facts 
far  better  than  the  old  ideas  of  off-shore  deposits.  His 
theory  with  a  multitude  of  observations  and  proofs  is  given  in 
the  American  Journal  of  Science  (Vols.  XXXVI  and  XXXVII, 
pp.  429-472,  87-109,  225-253;  1914).  The  following  discussion 
is  based  on  these  articles. 

Professor  Barrell  finds  evidences  in  these  red  and  green 
rocks  of  subaerial  erosion  in  the  nature,,  of  the  mud-cracks, 
rain-prints,  root-marks,  the  oxidation  red  color,  the  wide- 
spread conglomerates,  etc.  The  characteristic  cross-bedding 
of  the  Catskill  Sandstones  is  also  regarded  as  a  line  of  evi- 
dence to  support  the  theory  of  subaerial  origin,  as  he  states 
"river  sands  deposited  from  flowing  waters  are  more  cross- 
bedded,  heterogeneous,  and  current-marked,  while  marine 
sediments  spread  by  the  waves  tend  to  be  evenly  bedded,  more 
cleanly  sorted,  ripple-marked,  and  often  exhibit  a  flagstone 
character." 

While  these  various  structures  are  found  also  in  marine 
shallow-water  sediments,  their  extent  in  area  and  range  in 
vertical  height  through  the  Catskill  rocks,  and  the  broad  ex- 
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tent  of  the  conglomerates  together  with  the  supplemental 
evidence  of  characteristic  cross-bedding  so  well  developed  in 
these  rocks  which  are  almost  entirely  absent  from  the  Che- 
mung, all  seem  to  agree  with  a  theory  of  terrestrial  origin 
better  than  a  marine  formation.  From  a  careful  analysis  of 
all  the  available  data,  Professor  Barrell  concludes  that  the 
Catskill  Formation  was  made  by  delta  deposits  on  a  subaerial 
plain.  In  his  words  "these  Upper  Devonian  formations  repre- 
sent subaerial  delta  deposits  in  a  dry  but  not  arid  climate , 
a  climate  probably  equable  in  temperature  but  subject  to 
seasonal  rainfall." 

The  delta  began  when  the  rivers  had  sufficient  load  of 
detritus  to  stem  back  the  erosive  action  of  the  sea  on  the  old 
coast-line.  There  were  oscillations  and  sometimes  the  sea 
encroached  on  the  land,  forming  tongues  of  Chemung  in 
Catskill.  The  uniformity  in  character  of  the  delta  northeast 
to  southwest,  its  development  marginal  to  the  uplands,  and 
the  gradation  from  gravel  to  sand  and  clay  away  from  the 
mountains,  suggest  a  number  of  comparatively  short  streams 
which  built  flat  coalescing  fans,  rather  than  form  one  or  two 
great  continental  rivers.  An  average  fall  of  five  feet  to  the 
mile  for  eighty  or  a  hundred  miles,  he  believes,  would  repre- 
sent a  reasonable  estimate.  Subsidence  of  this  plain  near  the 
old  shore-line  would  result  in  great  increase  in  depth  of  the 
cdluvial  sedimentation  in  a  sinking  great  syncline.  Through 
southern  Pennsylvania,  Maryland,  and  West  Virginia,  the 
delta  grew  from  the  southeast  against  and  past  the  zone  of 
maximum  depression. 

Interstratification  and  intermixture  of  sand  and  clay  to- 
gether with  minor  quantities  of  mica  and  feldspar  minerals 
indicate  that  the  source  of  the  Catskill  sediments  was  directly 
from  the  original  rocks  and  not  from  secondary  sources.  The 
quantity  of  sediments  suggests  a  great  volume  of  rock  supply. 
The  outer  or  seaward  portion  of  the  delta  was  laid  down  on 
the  marine  sediments  that  were  forming  in  the  Chemung  sea. 

The  climate  of  the  period  according  to  the  conclusions  of 

this  author  judging  from  the  character  of  the  deposits  seems 

to   indicate   one  of  seasonable   rainfall   and  probably  rather 

■•nil  as  this  would  favor  rapid  drying  and  oxidation  of  the 
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soil,  "the  red  shales  being  deposits  on  flood-plains  which  dried 
out  part  of  the  year,  air  taking  the  place  of  water  in  the  soil." 
The  delta  faced  the  sea  to  the  west  and  southwest  and 
its  material  came  from  the  land  mass  to  the  east  and  south- 
east.    Quoting  from  Professor  Barrell's  article : 

"The  indications  given  by  the  directions  of  delta  growth,  thick- 
ness of  the  Catskill  beds,  and  the  gradations  in  their  texture,  are, 
therefore,  that  the  sediment  was  brought  in  along  the  whole  front 
of  the  geosyncline  by  more  than  one  river  and  from  the  southeast  as 
well  as  the  east  and  possibly  northeast.  The  result  was  a  confluent 
piedmont  plain  and  delta  front  building  out  a  terrestrial  coastal 
Dlain.  More  detailed  study  may  be  able  to  locate  the  several  centers 
of  principal  delta  growth." 

From  the  volume  of  these  Upper  Devonian  sediments,  he 
further  concludes  that  the  land  mass  extended  eastward  past 
the  continental  shelf  into  what  is  now  deep  ocean,  and  that 
the  sloping  plain  toward  the  geosyncline  was  as  much  as  100 
miles  wide  from  a  broad  and  mountainous  upland  named  by 
physiographical  geologists,  Appalachia. 

This  theory  worked  out  in  great  detail  with  a  multiplicity 
of  converging  lines  of  evidence  would  ascribe  the  origin  of 
the  thick  beds  of  red  and  green  shales  and  sandstones  consti- 
tuting the  Catskill  Formation,  to  a  broad  delta  growth  on  a 
coastal  plain  of  the  Chemung  sea  in  a  subsiding  synclinal 
trough  of  large  extent  parallel  to  the  old  rugged  Devonian 
mountain  mass  of  Appalachia  which  extended  eastward  to  an 
unknown  distance  but  probably  well  beyond  the  present  con- 
tinental shelf. 

On  this  coastal  plain  the  river  sediments  were  accumu- 
lating during  a  mild  climate  with  seasonal  rainfall  resulting 
in  alternate  drying  out  of  the  soil  with  oxidation  of  its 
elements,  and  then  a  soaking  of  the  soil  by  rain  and  the  influx 
of  torrential  stream  waters.  At  the  same  time  out  in  the 
Upper  Devonian  ocean  to  the  west  and  southwest  were  accu- 
mulating the  marine  sediments  of  the  Chemung. 

Along  the  coast-line  fluctuations  of  level  resulted  in  the 
encroachment  of  the  sea  upon  the  land,  and  the  land  upon  the 
sea,  so  that  the  marine  and  the  river  or  fluvialtile  sediments 
interpenetrated,  resulting  in  an  admixture  that  to-day  in  these 
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consolidated  sediments  makes  a  puzzling  problem  in  the  sepa- 
ration accurately  of  the  Catskill  from  the  Chemung  at  their 
boundary.  Professor  Barrel l's  theory  appears  to  best  accord 
with  the  observed  facts  and  to  be  the  most  logical  and  reason- 
able theory  of  the  origin  of  the  Catskill  Formation  yet  ad- 
vanced. 


CHAPTER  VII 


THE  DEVONIAN  PERIOD— THE  CHEMUNG, 
PORTAGE  AND  GENESEE  FORMATIONS. 


THE  CHEMUNG  FORMATION. 

The  highest  marine  beds  of  the  Devonian  were  named  in 
New  York  State,  in  the  early  days  of  that  Geological  Survey, 
the  Chemung,  which  is  now  regarded  as  the  marine  equivalent 
of  the  non-marine  Catskill.  Its  outcrop  extends  from  New 
York  across  Pennsylvania  into  West  Virginia. 

The  Chemung  sea  covered  a  wide  area  thus  described  by 
Stevenson  (Bull.  Geol.  Soc,  Vol.  14,  p.  85)  : 

"During  the  Chemung  the  area  of  sedimentation  extended  from 
the  Appalachian  shore  westward  across  Pennsylvania  into  northern 
Ohio;  across  Virginia  and  West  Virginia,  evidently  to  the  Ohio  River; 
southward  from  the  line  of  central  Virginia  the  area  contracts.  There 
appears  to  be  no  Chemung  in  Kentucky,  .none  in  Tennessee,  except  on 
the  eastern  side  of  the  basin,  while  in  Georgia  it  is  confined  to  a  nar- 
row strip  following  the  old  shore-line.  The  Chemung  basin  was 
very  broad  at  the  north,  reaching  far  into  New  York  and  crossing 
into  northeastern  Ohio,  but  it  tapered  southward,  the  contraction  being 
on  the  more  westerly  side,  until  it  disappeared  in  Georgia.  The  area  of 
more  rapid  subsidence,  lying  near  the  old  shore-line,  was  narrow 
throughout,  reaching  north,  from  New  River  of  Virginia,  to  only  a  few 
miles  beyond  the  Alleghany  region.  The  vast  thickness  observed  along 
the  eastern  border  decreases  so  quickly  in  southern  Pennsylvania  that 
before  the  Alleghanies  of  that  State  have  been  reached  the  mass  has 
become  diminished  one-half." 

The  use  of  this  term  Chemung  has  been  the  subject  of 
much  discussion  and  there  has  been  of  late  years  a  marked 
tendency  to  discard  its  use  except  to  represent  a  stage  in  the 
Upper  Devonian  sedimentation. 
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Professor  Swartz  in  the  Maryland  Geological  Survey  Re- 
port on  the  Upper  Devonian  (p.  428)  gives  a  summary  discus- 
sion on  the  use  of  the  term  Chemung  which  is  here  quoted  in  a 
brief  resume.  He  states  that  in  western  New  York  the  lower 
strata  consist  of  interbedded  shale  and  flaggy  sandstones  with 
very  few  fossil  brachiopod  shells.  Above  this  group  is  a  series 
of  sandy  sediments  rich  in  fossil  shells.  Vanuxem  made  the  base 
of  the  Chemung  at  the  base  of  the  sandy  sediments,  and  the 
beds  rich  in  fossils,  just  below,  he  named  the  Ithaca,  while  the 
lower  shale  beds  with  their  flag  sandstones  poor  in  fossils  were 
placed  in  the  Portage.  Hall  included  the  Ithaca  beds  with  the 
Chemung,  but  Williams  from  later  studies  on  the  fossils  de- 
fined the  Chemung  as  including  the  strata  through  which  the 
Spirifer  disjunctus  prevailed,  and  the  Ithaca  beds  were  now  in- 
cluded with  the  Portage. 

Swartz  decided  in  the  Maryland  Survey  work  to  draw  the 
lower  line  of  the  Chemung  at  the  base  of  the  Spirifer  disjunc- 
tus fauna,  and  the  upper  limit  at  the  upper  limit  of  the  ob- 
served marine  fauna  in  the  Upper  Devonian.  He  found  that 
78  per  cent,  of  the  species,  excluding  entirely  new  types,  in  the 
Maryland  Chemung,  occur  in  the  New  York  Chemung.  He 
further  found  that  the  lithological  characters  were  similar 
with  a  development  of  sandy  beds  below  the  range  of  the 
Chemung  fauna,  and  there  was  also  a  similar  relation  to  the 
underlying  Portage  and  to  the  overlying  Catskill,  and  con- 
cludes from  all  these  factors  that  "the  facts  clearly  establish 
the  Chemung  age  of  this  member". 

On  account  of  the  difficulty  of  separating  the  Chemung 
from  the  underlying  Portage,  and  from  the  fact  that  the  fossils 
of  the  two  groups  are  not  in  entire  agreement  with  those  of 
the  New  York  Chemung  and  Portage,  a  new  name  was  pro 
posed  for  these  Upper  Devonian  rocks  including  also  tin- 
underlying  Genesee  Formation,  and  they  were  included  by 
Darton  under  the  name  Jennings  on  account  of  the  good  ex- 
posures at  Jennings  Gap  in  Augusta  County,  Virginia.  This 
i  ame  was  adopted  and  is  now  used  by  the  United  States 
<  Geological  Survey  and  by  the  Maryland  Geological  Survey. 

There  appears  to  be  a  distinct  fauna  in   the  lower  part  of 
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the  Jennings  distinct  from  that  of  the  upper  portion.  The 
lower  Jennings  fauna  contains  similar  species  to  that  of  the 
Portage  of  New  York,  as  well  as  a  number  of  new  forms  not 
found  in  that  State.  The  upper  portion  of  the  Jennings  has 
fossils  characteristic  of  the  Chemung  of  New  York.  It  has 
been  advisable  in  the  present  Report  to  retain  the  old  New 
York  names  for  these  groups,  which  have  been  used  in 
geological  literature  for  seventy-five  years,  rather  than  to 
adopt  a  new  nomenclature  for  old  and  well-named  formations 
so  easily  recognizable  both  on  paleontological  and  lithological 
grounds. 

It  is  difficult  in  the  field  to  separate  the  groups  as  they 
grade  into  each  other  at  their  boundary  lines  without  any 
break  or  unconformity  and  only  where  characteristic  fossils 
are  found  and  studied  can  the  separation  be  accurately  made 
within  close  limits.  The  lithological  characters  are  different 
in  that  the  lower  or  Portage  strata  are  less  sandy,  being  char- 
acterized by  smooth  platy  green  shales  or  shaly  flag  sand- 
stones ;  the  upper  strata  or  Chemung  containing  sandy  blocky 
shales  and  buff  to  brown  sandstone  ledges  with  more  or  less 
of  reddish  material,  shales,  and  sandstones. 

The  past  work  of  the  United  States  and  the  Maryland 
Geological  Surveys  shows  that  the  lowest  limit  of  character- 
istic Chemung  fossils  is  about  200  feet  above  the  Parkhead 
Sandstone,  a  formation  readily  traced  across  the  eastern  Pan- 
handle Counties  of  West  Virginia.  In  the  maps  accompanying 
this  Report,  the  base  of  the  Chemung  is  placed  just  above  the 
Parkhead  Sandstone,  following  the  scheme  formerly  used  by 
the  Maryland  Geological  Survey  by  Swartz.  At  the  present 
time  the  Maryland  Survey  has  abandoned  this  plan  and  maps 
the  whole  of  the  Upper  Devonian  under  the  one  name,  Jen- 
nings, and  makes  no  attempt  on  maps  to  separate  the  group 
into  the  three  members. 

The  top  of  the  Portage,  which  would  form  the  base  of  tht 
Chemung  in  western  New  York,  is  described  by  Hall  as  a 
heavy  thick-bedded  sandstone  that  continues  to  the  Genesee 
River,  but  that  to  the  west  it  was  impossible  to  separate  the 
two  formations  in  Ohio.  This  relation  of  a  basal  sandstone  to 
the  Chemung  is  not  unlike  that  of  the  Parkhead  in  Maryland 
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and  West  Virginia,  and  there  is  a  resemblance  in  the  litholog- 
ical  character  of  the  beds  of  the  Portage  and  Chemung.  The 
latter  are  thus  described  in  that  area  by  Lesley  (Final  Report, 
Penna.  Geol.  Survey,  Vol.  2,  p.  1375)  : 

"The  Chemung  Formation  is  a  series  of  thin-bedded  sandstones  or 
flagstones,  separated  by  shales;  with  numerous  layers  of  impure  lime- 
stone resulting  from  a  multitude  of  shells;  the  whole  series  weather- 
ing brownish-olive.  The  shales  vary  in  color  from  deep  black  to  olive 
and  green.  The  sandstones  are  often  brownish-gray  or  olive,  and 
sometimes  light-gray;  more  generally  with  a  tinge  of  green  or  olive. 
Towards  the  top  of  the  formation  are  conglomerates;  and  in  these 
gravel  beds  here  and  there  may  be  found  the  common  fossils  of  the 
shales  and  sandstones.  .  .  .  Towards  the  upper  part  of  the 
formation,  its  shales  are  reddish,  coarse,  and  easily  split,  with  much 
mica  in  small  glimmering  scales;  and  there  is  also  a  slight  change  in 
the  kinds  of  shells  which  lived  in  these  upper  micaceous  shales." 

The  Chemung  not  only  grades  downward  into  the  Portage 
but  upward  it  grades  into  the  non-marine  beds  of  the  Catskill 
as  described  in  the  preceding  Chapter  and  the  line  of  division 
between  them  is  not  always  easy  to  define.  This  fact  will 
bring  in  more  or  less  discrepancy  in  figures  in  sections  and 
thickness  measurements  made  by  different  observers. 

Lesley  states  that  as  the  Chemung  is  followed  westward 
through  Pennsylvania,  the  sandstones  tend  to  disappear  and 
the  total  thickness  decreases,  the  fossils  become  less  in  num- 
ber of  species  and  the  red  sandy  shales  disappear,  so  that  in 
the  Lake  Erie  district  the  sandstones  are  only  represented  by 
thin  layers  of  brownish  sandy  shale.  The  deposits  were  laid 
down  in  shallow  water  and  there  show  ripple-marks  and 
cross-bedding.  The  fossils  are  abundant  but  distributed  in 
strata  which  are  separated  by  ledges  apparently  barren  of  life. 

Professor  Stevenson1  states  that  the  Chemung  can  be 
nized  along  the  eastern  outcrop  from  New  York  to  far 
beyond  the  New  River  in  Virginia,  and  through  western 
Pennsylvania  in  the  following  groups  of  strata: 

Shales. 
Sandstone. 

Shales    and    sandstone. 

Sandstone. 
Shales  and  dags. 


'Amer.    Assoc,    A.dvan,    Science,    Washington    Meeting,    1891, 
quoted  by  Lesley,  Eftnal  Report,  Penna,  Survey,  Vol.  2,  p.  1422. 
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The    thickness    of   the    Chemung   in    Bedford    and    Blair 

Counties,  Pennsylvania,  is  5,000  to  6,000  feet,  decreasing  to 

325  feet  near  Lake  Erie.     In  Fulton  County  almost  directly 

north  from  the  West  Virginia  outcrops,  the  thickness  is  3820 

feet,  as  shown  in  the  following  grouped  section  by  Stevenson 

(loc.  cit,  p.  1407)  : 

Feet. 

Chemung.     Shales     1000 

Upper    Conglomerate 10 

Shales  and  sandstone 950 

Lower    Conglomerate 10 

Shales    and    flags 1850     3820 


The  two  conglomerates  are  characteristic  of  the  Pennsyl- 
vania sections  and  may  correspond  to  the  conglomerates  in 
the  West  Virginia  sections.  Professor  Stevenson  found  two 
conglomerates  in  the  Virginia  section  separated  by  2500  feet  of 
shales  and  sandstones.  The  Upper  Conglomerate  on  the  Dela- 
ware River  was  named  by  Dr.  I.  C.  White,  the  Lackawaxen 
Conglomerate  from  a  village  in  Pike  County,  Pennsylvania.  It 
is  described  by  Dr.  White  in  Huntingdon  County  (T3)  as  a  very 
hard  dark-gray  sandstone  filled  with  flat  white  and  red  quartz 
pebbles  and  fragments  of  slate,  10  to  20  feet  thick.  In  its  type 
locality  in  Pike  County,  he  describes  this  conglomerate  (G6, 
p.  156)  as  a  massive  pebbly  rock  with  "its  pebbles  mostly  of 
white  quartz,  from  a  quarter  of  an  inch  to  an  inch  and  a 
quarter  in  diameter,  many  of  them  so  angular  as  to  suggest 
very  little  water  wearing,  embedded  in  a  matrix  of  coarse 
greenish-gray  sand  which  makes  up  most  of  the  body  of  the 
rock,  in  which  are  seen  also  pebbles  of  shale,  and  of  the  com- 
mon gray  sandstone  of  the  Catskill  Series.  The  whole  thick- 
ness of  the  stratum  is  30  feet." 

The  Lower  Conglomerate  of  the  Fulton  County  section 
was  correlated  with  the  Allegrippus  Conglomerate  of  Dr. 
White.  It  is  thus  described  by  Lesley2  from  the  type  locality 
on  the  ridge  of  that  name  in  Huntingdon  County : 

"Allegrippus  Ridge  has  a  continuous  crest-outcrop  of  the  lower 
conglomerate,  which,  like  the  upper  one,  is  largely  composed  of  white 
quartz  pebbles   in  a  matrix  of  whitish  sand.     But  it  is   rarely  more 


2Final  Summary  Report,  Penna.  Geol.  Survey,  Vol.  2,  p.  1555. 
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than  five  feet  thick;  and  yet  it  makes  a  bolder  show  than  its  rival  on 
the  opposite  hill;  for  where  the  rock  itself  does  not  project  from  the 
surface  a  straight  line  of  piled  up  fragments  traverses  the  fields  of 
shale.  Every  road  crossing  Allegrippus  Ridge  as  far  as  the  Bedford 
line  shows  it  plainly;  and,  as  has  been  already  said,  in  Bedford  and 
Fulton  Counties  the  Chemung  ridges  are  crested  with  it  in  a  like, 
or  even  in  a  superior  manner." 

While  Dr.  White  correlated  these  two  conglomerates  with 
the  Upper  and  Lower  Conglomerates  of  the  Fulton  County 
sections,  C.  S.  Prosser  regards  the  evidence  as  insufficient  for 
this  correlation,  but  believes  there  is  some  probability  that  the 
Upper  Conglomerate  of  that  county  may  be  represented  by 
the  Lower  Conglomerate  of  the  Garrett  County,  Maryland, 
sections. 

The  upper  portion  of  the  Upper  Devonian  beds  of  Mary- 
land were  regarded  by  Professor  Prosser  as  Chemung  and  he 
thus  describes  them  (Md.  Geol.  Survey,  Report  on  Upper 
Devonian,  p.  348)  : 

"The  upper  part  of  the  Jennings  Formation  consists  of  argillaceous 
and  arenaceous  shales  alternating  with  beds  of  sandstone  which 
are  often  micaceous,  while  several  layers  of  conglomerate  occur  in 
this  member.  These  shales  and  sandstones  are  usually  greenish  or 
greenish-gray  in  color  and  weather  to  a  j^ellowish-green,  but  there  are 
not  infrequent  zones  of  brownish-red  shales  and  sandstones.  In  cer- 
tain layers  fossils  are  common  and  the  characteristic  species,  Spiri- 
fer  disjunctus  Sowerby  of  Chemung  stage,  occurs  frequently  and  this 
together  with  the  presence  of  other  Chemung  species,  lithological 
similarity  and  stratigraphic  position  indicates  the  correctness  of  the 
correlation  of  this   division  with  the   Chemung  stage  of  New   York.'' 

In  the  work  of  the  Maryland  Survey  on  the  Devonian  (p. 
419)  Swartz  recognized  five  subdivisions  of  the  Chemung  beds 
as  follows : 

Chemung. 

Upper  shale  and  sandstone  beds. 
Upper  conglomeratic  sandstone  beds. 
Middle  shale  and  sandstone  beds. 
Lower  conglomerate  sandstone  beds. 
Lower  shale  and  sandstone  beds. 

When  ibis  grouping  of  the  strata  is  compared  with 
Professor  Stevenson's  grouping  of  the  Pennsylvania  sections 
and  south  to  New  River,  as  given  above,  it  is  found  to  be  the 
same. 


PLATE  XIII(A). — Hamilton  Shales  with  Blocky  Ledges  above,  and  Finely 
Laminated  below,  Low  Grade  Railroad  Cut  along  Potomac. 


PLATE  XIII  (B)— Chemung  Shales  with  Blocky  Sandstone  Ledges  in  Balti- 
more and  Ohio  Railroad  Cut  west  of  Hansrote. 
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Professor  Swartz  describes  the  lithological  character  of 
the  Chemung  beds  in  Maryland  as  follows  (p.  418)  : 

"The  shale  is  usually  more  arenaceous  than  that  of  the  underly- 
ing members  and  hence  breaks  more  frequently  into  irregular  pieces, 
while  the  sandstone  is  not  argillaceous  and  is  rarely  fissile.  The  beds 
are  variously  colored,  gray,  olive-green,  yellow,  and  brown  being 
common  tints.  Upon  weathering  many  beds  become  yellowish  or 
brown  and  are  often  stained  by  iron.  Red  or  brownish-red  beds  are 
of  frequent  occurrence,  the  percentage  of  red  strata  increasing  toward 
the  top  of  the  member.  These  beds  occur  at  successively  lower  and 
lower  horizons  toward  the  east  until  in  the  sections  east  of  Millstone, 
they  appear  near  the  base  of  the  member." 

In  Morgan  and  Berkeley  Counties,  West  Virginia,  the 
Chemung  at  the  base  above  the  Parkhead  Sandstone  is  char- 
acterized by  red  to  chocolate-brown  shales  and  shaly  sand- 
stone, some  weathering  to  reddish-buff  shales.  Below  this 
horizon  the  shales  are  buff  and  flaky  breaking  into  small  more 
or  less  sandy  plates.  In  some  ledges  the  shales  are  nodular 
or  blocky,  breaking  down  into  nodular  masses  or  irregular 
platy  blocks.  The  shales  are  nearly  always  quite  sandy  and 
in  many  cases  glisten  with  small  plates  of  minute  mica  scales. 

The  sandstones  are  in  some  ledges  solid  and  break  into 
irregular  shaped  blocks,  but  they  show  a  tendency  to  break 
flaggy  with  smooth  surfaces.  In  some  ledges  the  sandstone 
is  very  shaly  and  weathers  to  sandy  shales.  A  few  greenish- 
gray  ledges  are  found,  also  brown  sandstone  with  a  thickness 
of  ten  to  fifteen  feet.  Some  conglomerates  are  found  and 
one  horizon,  1000  to  1200  feet  from  the  top,  is  quite  persistent 
through  the  entire  area.  At  this  conglomerate  horizon,  the 
sandstone  is  reddish-brown  in  color  and  weathers  to  a  light- 
gray  color  on  the  surface.  It  breaks  into  angular  blocks,  and 
is  hard  and  fine-grained  in  texture.  Associated  with  this  sand- 
stone in  many  parts  of  the  area  is  a  hard  vitreous  deep-red  to 
brown  conglomerate  with  white  quartz  pebbles,  and  it  resem- 
bles the  Parkhead  Conglomerate  below.  This  conglomerate 
is  very  resistant  and  usually  forms  a  ridge  which  is  covered 
with  the  sandstone  and  conglomerate  blocks.  Fossils  are  re- 
ported as  abundant  at  several  horizons  in  the  Chemung  Series 
in  this  State  and  Maryland. 

Professor  Swartz  gives  the  following  list  of  characteristic 
Chemung  fossils  found  in  these  beds  in  West  Virginia  and 
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neighboring  portions  of  Maryland    (Pawpaw-Hancock   Folio, 
P-  92)  : 

Spirifer  disjunctus.  Camarotocchia  contracta. 

Spirifer  (Delthyris)  mesacostalis.  Ambocoelia  umbonata. 

Spirifer  mesastrialis.  Chonetes  scitulus. 

Donvillina  cayuta.  Pterinea  chemungensis. 
Productclla  lachrymosa. 

CHEMUNG  GEOLOGICAL  SECTIONS. 

In  order  to  illustrate  the  character  of  the  rocks  of  the 
Chemung  in  this  area,  two  sections  measured  by  Professor 
Swartz  in  Maryland  across  the  Potomac  from  the  Morgan 
County  area,  and  given  by  him  in  the  Maryland  Survey 
Report  on  the  Upper  Devonian  (pp.  458-459  and  482-486)  are 
here  quoted,  the  first  section  being  measured  on  the  National 
Road  east  of  Hancock : 

Chemung  Section  East  of  Hancock,  Maryland  (Swartz). 

Feet. 
Jennings-Catskill   contact. 

Concealed     322 

Yellow  shale  poorly  exposed,  fossiliferous  near  top..    95 

Dark   red    shale 15 

Brown  shale,  weathering  yellow-green 15 

Dark  red   shale 8 

Argillaceous  yellow  and   green   shale 15 

Arenaceous    chocolate-red    shale 7 

Argillaceous    chocolate-brown    sandstone 21 

Chocolate-red    shale 17 

Dark  yellow   shale 34 

Dark  purple   sandstone 1 

Arenaceous    shale 25 

Dark    purple    sandstone    one    foot,    chocolate-brown 

shale    18 

Argillaceous   sandstone,   and    shale,   at   top,   Spirifer 

mesastrialis    abundant 4 

Concealed,  massive  conglomeratic  sandstone  at  top, 

20   feet   thick 322 

Concealed,  massive  gray  sandstone  a1   lop 150 

Concealed,  some  massive  conglomerate  shows,  also 

Spirifer  disjunctus   found 702 

Argillaceous  shale  and   some  sandstone,   near  top   I  he 

fossil  Ambocoelia  umbonxta  abundant 10 

Largelj   concealed,  argillaceous  sandstone  and  shale 

foi  sil   ( 'honetes  si  itulus 254    2035 

Parkhead    Sandstone 
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Professor  Swartz  measured  another  section  of  the  Che- 
mung near  the  State  Line  in  Fulton  County,  Pennsylvania, 
and  found  the  thickness  to  be  2604  feet,  and  two  miles  west 
of  Pawpaw,  he  measured  a  very  complete  section  of  the 
Jennings  where  the  Chemung  beds  had  a  thickness  of  2717 
feet. 

Professor  .Swartz  gives  in  the  Maryland  Survey  Report 
on  the  Upper  Devonian  a  number  of  detailed  and  interesting 
sections  of  these  formations  and  one  more  will  be  quoted  in 
somewhat  condensed  form  which  was  measured  by  him  at 
Little  Orleans,  Maryland,  which  is  across  the  river  from 
Orleans  Crossroads,  a  town  on  the  Baltimore  and  Ohio  Rail- 
road in  the  western  part  of  Morgan  County.  He  there  ob- 
tained very  fresh  exposures  in  the  comparatively  new  cuts  of 
the  Western  Maryland  Railroad : 

Chemung  Section  near  Little  Orleans,  Maryland  (Swartz). 

Jennings-Catskill  contact.  Feet. 

Green  and  brown  sandstones 73.2 

Brown  and  green  shale,  breaking  irregularly....  25.3 
Brown   and   green   sandstones   with   interbedded 

shales 162 . 8 

Brown  hackly  sandstone   and  thin-bedded  green 

sandstone  with  interbedded  green  shale. ..  .108.7 

Massive  brown  and  gray  sandstones 65.4 

Red  flaggy  sandstone  and  red  shales 18.5 

Brown   and    green    shales    and   brown   and    gray 

sandstones     123 . 1 

Brilliant  red  hackly  shale 12 . 3 

Green  and  brown  shales  and  brown  sandstone. .  .132.8 

Thin-bedded  gray  flaggy  sandstone 63.7 

Brown    and    green    hackly    shales    some    sandy 

shale    47 . 9 

Brown   sandstone  and  hackly  brown  and   green 

shales    112 . 6 

Red  and  green  shales  with  thin  beds  of  sandstone  65.2 
Heavy  and  thin-bedded  gray  sandstone,  coarse- 
grained, carrying  small  pebbles 12.2 

Brown  and  gray  sandstones  with  reddish-brown 

and   green   shales 93.2 

Conglomeratic  sandstone,  9  inches  conglomerate 

at   top 12 . 2 

Green  and  grayish-green  shales  and  sandstones. 272. 3 
Olive-green  shales  and  gray  flaggy  sandstone. .  .117.2 
Reddish-brown  and  green  shales  and  sandstones. 317. 7 

Conglomeratic    grayish-brown    sandstone 1.6 

Grayish-green  shales  and  sandstones 89.4 
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Feet. 

Grayish-brown  shales  and  brown  sandstone 108.1 

Grayish  shales  and  sandstone 187.3 

Grayish-green  sandy  shales  and  gray  sandstones.  137. 5 
Grayish-brown  sandy  shales  and  sandstones....   65.2 
Thin-bedded  green  shales  and  gray  flaggy  sand- 
stone  105.3 

Thin-bedded  grayish-green  shale  somewhat  fis- 
sile and  sandy,  with  some  beds  of  six-inch 
thick  sandstone 18 . 1     2548 . 8 

Parkhead    Sandstone 

On  the  West  Virginia  side  it  is  impossible  to  secure  such 
complete  sections  and  this  Maryland  section  may  be  taken  as 
representative  of  the  Chemung  in  the  western  part  of  Morgan 
County  as  well.  In  this  section,  a  12-foot  conglomerate  is 
found  1012  feet  below  the  top,  and  a  foot  and  a  half  conglom- 
erate 800  feet  lower.  These  intervals  are  somewhat  similar  to 
those  in  the  Fulton  County  section  of  Stevenson  quoted  above. 
In  the  section  west  of  Pawpaw  given  by  Swartz  in  the  Marj^- 
land  volume,  the  Upper  Conglomerate  is  1320  feet  from  the 
top  and  the  Lower  Conglomerate  is  844  feet  below,  which 
would  suggest  their  correlation  with  the  Fulton  County  Con- 
glomerates which  were  correlated  by  Dr.  I.  C.  White  with  his 
Upper  or  Lackawaxen  Conglomerate  and  the  Lower  with  his 
Allegrippus  Conglomerate.  In  the  section  quoted  above  from 
east  of  Hancock,  the  Upper  Conglomerate  was  found  1362 
feet  below  the  top  of  the  Chemung. 

The  following  section  of  the  Chemung  was  measured  two 
miles  south  of  the  river  from  Woodmont,  along  the  county 
road  that  crosses  the  formations  westward,  in  ascending  order : 

Chemung  Section  Two  Miles  South  of  Woodmont, 
Morgan  County. 

Feet. 
Parkhead  Sandstone. 

Reddish-buff    shales 100 

Partly  concealed,  ash-gray  soil,  at  top  nodular  sand- 
stone    blocks 60 

Pearl-gray    shales 15 

Sandy   shale,   glistening,  some   buff   flaky 50 

fJray    sandstone 2 

Light-buff   flnky    shales 270 
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Feet. 

Chocolate-brown    shales 15 

Solid  ledge  blocky  sandy  shale 15 

Coarse    buff    sandstone 12 

Buff  shales,  irregular  nodular  and  some  buff  sand- 
stone   ledges 120 

Small   flaggy  sandstone   blocks 8 

Buff  flaky  and  nodular  shales 30 

Fine  sandy  shales  in  small  flakes  and  plates 150 

Blocky    sandstone    ledge 10 

Buff   platy   shales 40 

Blocky    red    sandstone 5 

Buff   shales 3U 

Chocolate-brown    shaly    sandstone 8 

Blocky    shales 20 

Chocolate-brown    shales 15 

Buff  shales,  blocks  brown  sandstone 40 

Buff  and   reddish-buff   shales 25 

Brown    sandstone   and   conglomerate,   some   shales..   25 

Concealed  and   sandy   shales 307 

Buff  sandy  shales,  thin  ledges  shaly  sandstone 90 

Reddish   shales 74 

Buff    sandy    shales 80 

Blocky  buff  sandstone 24 

Reddish  and  buff  shales 22 

Red  shaly  sandstone 20 

Sandy  shales 36 

Shaly  sandstone   ledge 8 

Red  and  buff  shales 95 

Red  shales 100 

Shaly  flaggy  sandstone 22 

Red    sandy    shales 28 

Blocky  red  sandstone  ledges 70 

Shaly  sandstone  and  shales  to  bed  of  run 76     2117 


This  section  shows  a  grouping  of  sandy  shales  and  sand- 
stones with  one  conglomerate  ledge  noted  1,040  feet  from  the 
bottom,  or  1,077  feet  from  the  top,  which  is  similar  to  the 
interval  to  the  Upper  Conglomerate  in  the  Fulton  Count} 
Pennsylvania,  and  the  Orleans,  Maryland,  sections,  and  this  ib 
probably  the  same  horizon  and  represents  the  Upper  Con- 
glomerate of  Stevenson  and  possibly  the  Lackawaxen  of 
White.  The  other  conglomerate  was  concealed  in  this  sec- 
tion, and  the  fossil  ledges  were  not  located. 

The  section  back  of  Woodmont  shows  only  1712  feet  of 
Chemung  and  is  probably  incomplete,  though  nearly  the 
same  thickness  was  found  in  a  section  two  miles  west  of 
Cherry  Run. 
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OUTCROPS. — The  Chemung  beds  have  been  mapped 
using  the  top  of  the  Parkhead  Sandstone  as  the  base,  and  as 
thus  limited,  they  are  found  in  several  northeast-southwest 
belts  across  Morgan  and  Berkeley  Counties. 

At  the  extreme  western  side  of  Morgan  County  on  the 
narrow  tongues  of  land  formed  by  the  westward  bends  of  the 
Potomac,  the  shales  of  the  Jennings  Group  are  thrown  into  a 
series  of  folds  from  which  the  tops  have  been  eroded  leaving 
synclinal  troughs  of  Chemung  strata  and  anticlinal  folds  of 
Portage.  The  narrow  synclinal  belt  of  Chemung  shales  is  seen 
about  the  middle  of  the  westward  bend  one  mile  west  of  Doe 
Gully,  and  again  about  the  same  distance  west  of  Hansrote. 
At  the  extreme  western  ends  of  these  river  peninsulas  are 
small  portions  of  Chemung  connected  with  the  Maryland 
areas  across  the  river.  The  rocks  are  shaly  sandstones  and 
shales  more  or  less  tinged  reddish  to  brown. 

A  belt  of  Chemung  follows  the  eastern  side  of  the  river 
bends  bordering  the  Catskill  and  extends  across  the  county 
with  a  width  of  one-half  to  three-fourths  mile.  This  belt  is 
closely  associated  with  the  red  beds  of  the  Catskill  and  can 
not  be  accurately  separated  from  that  formation  so  that  in  the 
United  States  Geological  Survey  Folio  on  this  district,  a  belt 
has  been  marked  between  the  two  formations  and  called  the 
Jennings-Catskill  transition  beds  with  an  average  thickness 
of  500  feet.  In  the  maps  with  this  Report  most  of  this  area 
was  included  with  the  Catskill.  It  would  require  fossils  to 
determine  the  proper  line  between  the  two  formations  and 
none  was  found  in  the  present  field  work. 

A  belt  of  Chemung  extends  across  the  county  east  of  the 
Catskill  area  east  of  Sideling  Hill,  reaching  the  Potomac  in 
the  vicinity  of  Woodmont  Station,  with  a  width  of  about  one- 
half  mile  through  the  whole  length. 

A  broad  synclinal  belt  of  Chemung  follows  northeast- 
southwest  across  Morgan  County  about  one  mile  east  of 
Berkeley  Springs  or  Warm  Spring  Ridge.  This  area  opposite 
and  in  ilic  south  of  Berkeley  Springs  is  about  one  mile  wide, 
mi  reasing  toward  the  north  to  two  miles.  It  is  divided  at  the 
north   near  the   Potomac  into  two  parts  by  an  anticlinal   mass. 
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of  Catskill  that  projects  into  the  State  from  Maryland.  About 
eight  miles  south  of  Berkeley  Springs  near  Stotlers  Cross- 
roads, this  belt  extends  eastward  around  the  southern  end  of 
an  eroded  anticlinal  fold  of  Portage  rocks  and  joins  the  Sleepy 
Creek  Chemung  area. 

The  Sleepy  Creek  Chemung  belt  to  the  west  of  the  Cats- 
kill  west  of  Sleepy  Creek  Mountain  extends  along  the  west 
side  of  the  creek  from  New  Hope  north,  and  follows  the  east 
side  of  the  creek  south  of  that  place.  Its  width  is  about  a  half 
mile  and  near  the  Potomac  it  is  connected  with  the  area  east 
of  the  mountains. 

The  belt  of  Chemung  rocks  east  of  the  Catskill  area  east 
of  Third  Hill  Mountain  has  a  width  of  less  than  a  half  mile 
and  at  the  north  end  near  the  Potomac  bends  to  the  west  and 
connects  with  the  preceding  area  making  a  broad  but  narrow 
belt  at  that  place. 

The  thickness  of  the  Chemung  beds  varies  from  1712  feet 
near  Woodmont  to  2117  feet  two  miles  south,  and  appears  to 
be  about  2800  feet  eight  miles  south  near  Fishers  Ford.  The 
belt  east  of  Third  Hill  Mountain  and  two  miles  south  of  the 
river  has  a  thickness  of  1752  feet.  The  Orleans  section  in 
Maryland  quoted  above  would  indicate  the  thickness  in  the 
western  portion  of  Morgan  County  to  be  2548  feet.  Stose  in 
the'  Government  Folio  states  that  the  thickness  of  the  beds 
above  the  Parkhead  Sandstone  is  1500  to  2300  feet,  in  this  area. 

THE  PORTAGE  FORMATION. 

The  Portage  Formation,  according  to  Lesley  (loc.  cit., 
p.  1337),  was  named  in  western  New  York  from  the  village 
of  that  name,  which  was  so  named  "from  the  three  high  falls 
of  the  Genesee  River,  which  impeded  its  navigation,  compel- 
ling the  Indians  to  carry  their  canoes  from  the  higher  to  the 
lower  level,  or  vice  versa,  and  the  engineers  of  the  Erie  Canal 
to  construct  a  staircase  of  locks".  Here  the  whole  formation, 
1000  feet  thick,  is  exposed.  It  carries  no  Chemung  fossils  and 
was  made  a  separate  formation,  but  in  a  large  part  of  Pennsyl- 
vania, Lesley  states  that  both  the  Chemung  and  Portage  have 
a  much  greater  thickness  and  closer  resemblance  so  that  they 
can  not  b.e  separated.     He  further  finds  that  the  Portage  iv 
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Pennsylvania  has  the  fossils  confined  to  a  few  of  the  beds  so 
that  it  is  often  described  as  non-fossiliferous  in  marked  con- 
trast to  the  beds  above  and  below  it. 

In  Huntingdon  County,  Dr.  I.  C.  White  estimated  the 
combined  thickness  of  the  Chemung  and  Portage  as  2650  feet 
(T3,  p.  99),  divided  into  upper  more  massive  gray  sandstones 
of  Chemung  age,  1500  to  1600  feet;  arid  lower  yellowish  sandy 
and  shaly  sandstones  of  the  Portage,  1000  to  1100  feet.  In 
Fulton  County,  Professor  Stevenson  separated  the  Portage 
with  a  total  thickness  of  3620  feet,  but  in  Bedford  County,  he 
included  both  under  the  Chemung  and  states  it  was  not  pos- 
sible there  to  make  a  separation. 

In  Maryland,  Professor  Swartz  divides  the  lower  Jennings 
into  two  groups  as  follows  (loc.  cit,  p.  411)  : 

Parkhead  Sandstone  member. 
Shale  beds. 
Conglomerate  sandstone  beds. 

Woodmont  Shale  member. 

Beds  containing  Ithaca  fauna. 
Beds  containing  Naples  fauna. 

The  Parkhead  Sandstone  was  named  from  Parkhead  Sta- 
tion on  the  Western  Maryland  Railroad  in  Maryland  one  and 
a  half  miles  east  of  Sleepy  Creek  Station  in  West  Virginia. 
It  is  there  found  in  typical  exposure  and  is  thus  described  by 
Swartz  in  the  Maryland  Survey  Report  on  the  Upper  Devonian 
(p.  415) : 

"It  consists  of  shale  interbedded  with  massive,  frequent  con- 
glomeratic sandstones.  Certain  beds  of  the  latter  are  highly  fos- 
siliferous  at  many  places.  The  shale  is  more  arenaceous  than  that 
of  the  Woodmont  member  and  tends  to  break  more  irregularly.  When 
freshly  exposed,  the  strata  vary  in  color  from  gray  to  olive-green, 
while  some  beds  are  nearly  black.  Upon  weathering  they  usually 
become  yellowish  or  buff  in  color.  The  thickness  varies  from  400 
feet,  in  the  eastern  exposures,  to  800  feet,  west  of  Green  Ridge." 

This    member   in    Maryland    shows   two   well-marked   divi- 
i'-n  .    ;i    lower   conglomeratic    sandstone   group   with    conglom- 
erates at  base,  near  the  middle,  and  at  the  top,  with  a  total 
thickness  of  400  feet  in  the  eastern  sections.     Swartz  found 
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the  lower  sandstone  or  conglomerate  usually  rich  in  fossils  and 
lists  the  following  (Pawpaw-Hancock  Folio,  p.  90)  which  he 
states  have  a  marked  Hamilton  aspect : 

Tropidoleptus  carinatus.  Coleolus  tenuicinctus. 

Spirifer  (Delihyris)  mesacostalis.  Pleurotomaria   capillaria. 

Spirifer  marcyi  var.  Diaphorastoma  lineatum. 

Camarotoechia  congregata  vav-  Many  other  species  of 
Productella   lachrymosa.  Platyceras,   Cyclonema, 

Cyrtina   hamiltonensis.  Bellerophon,  etc. 

Cypricardella  bellistnata. 

Professor  Swartz,  from  his  very  detailed  and  careful  com- 
parative study  of  the  fauna  of  the  Parkhead,  reaches  the  fol- 
lowing conclusion  on  the  correlation  of  this  member  (p.  90)  : 

"This  fauna  occupies  a  stratigraphic  position  similar  to  that  of 
the  Enfield  fauna,  described  by  H.  S.  Williams,  which  occurs  in  the 
upper  part  of  the  Portage  Formation  of  New  York  overlying  the  Ithaca 
shale  member,  and  with  which  it  is  provisionally  correlated.  Its  Ham- 
ilton aspect  is  marked.  Like  the  Enfield  fauna  of  New  York,  it  oc- 
curs in  beds  older  than  those  containing  the  Chemung  fauna  in  this 
section  and  is  therefore  classified  with  the  Portage  faunas.  Because 
of  the  prevailingly  sandy  character  of  the  rocks  of  this  member, 
which  closely  resemble  and  grade  into  the  overlying  strata  containing 
the  characteristic  Chemung  fauna,  they  are  placed  by  many  at  the 
base  of  the  Chemung  Formation,  as  has  been  done  by  Williams." 

The  upper  part  of  the  Parkhead  member  consists  of  shale 
and  sandstone  ledges,  and  is  only  slightly  fossiliferous. 

Below  the  Parkhead  is  the  Woodmont  Shale,  named  from 
that  station  on  the  Western  Maryland  Railroad  opposite  the 
station  of  same  name  in  A/Vest  Virginia  one  and  a  half  miles 
west  of  Sleepy  Creek.  It  was  named  by  Swartz,  who  describes 
it  (Md.  Geol.  Survey,  Devonian  Report,  p.  413)  as  follows: 

"It  consists  of  alternating  courses  of  olive-green  shale  and  thin, 
fine-grained,  flaggy  sandstone,  with  an  occasional  more  massive  sand- 
stone. The  shale  is  usually  fissile  and  breaks  into  smooth  thin  frag- 
ments with  parallel  sides,  contrasting  strongly  in  this  respect  with 
the  very  irregular  fragments  produced  by  the  weathering  of  the  un- 
derlying Romney.  Some  of  the  upper  beds  are  more  arenaceous  and 
fracture  irregularly.  Upon  weathering  the  shale  becomes  greenisn 
or  yellowish.  A  few  beds  have  a  decided  reddish-brown  color.  The 
sandstone  is  prevailingly  micaceous  and  usually  becomes  fissile  on 
weathering,  breaking  into  platy  fragments.  Occasionally  a  sandstone 
is  more  massive  and  breaks  into  larger,  irregular  fragments.  The 
surface    of   the    shale    often    exhibits    'dimpling'    and    indistinct    wave 
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markings.  The  strata  of  this  member  usually  occupy  the  lower  slopes 
of  the  ridges  formed  by  the  more  resistant  sandstone  of  the  Parkhead 
member.  The  thickness  varies  from  1600  feet  in  the  eastern  sections 
to  1200  or  1300  feet  in  the  sections  west  of  Green  Ridge." 

According  to  Swartz,  the  lower  beds  of  the  Woodmont 
member  contain  a  fauna  similar  to  that  of  the  Naples  in  New 
York  with  a  thickness  at  the  east  of  about  500  feet,  increasing 
west  of  Green  Ridge  to  1300  feet,  and  the  rocks  are  mostly 
olive-green  shale  with  some  thin  flaggy  sandstones.  Above 
the  beds  with  the  Naples  fauna  is  a  series  of  shales  with  but 
few  thin  sandstone  ledges  which  contain  a  fauna  similar  to  the 
Ithaca  of  New  York.  Swartz  states  that  the  thickness  of  the 
Ithaca  fauna  beds  near  Hancock  is  1000  to  1100  feet  and  gives 
the  following  list  of  the  more  abundant  species  (Pawpaw-Han- 
cock Folio,  p.  88)  : 

Spirifer  macronatus  var.  Cyrtina   hamiltonensis. 

posterns.  Pugnax  pugnns  var.  alius. 

Productclla  speciosa.  Stropheodonia  dcmissa. 

Reticularia  laevis.  Atrypa  reticularis. 

Leiorhynchus  globuliforme.  Ectenodcsma  biro  stratum. 

Schizophoria  striatula.  Cladochonus  sp. 

According  to  Professor  Swartz,  "the  species  characteristic 
of  this  fauna  occur  also  in  the  Ithaca  fauna  of  the  Portage  For- 
mation of  New  York,  where  the3r  occupy  a  similar  stratigraphic 
position." 

Professor  Prosser  (Maryland  Geol.  Survey,  Report  on 
Upper  Devonian,  p.  348)  reached  the  same  conclusion  as  to  the 
correlation  of  these  beds  with  the  Portage  of  New  York,  and 
states : 

"The  writer  correlated  the  beds  between  the  top  of  the  Genesee 
shale,  or  when  this  shale  is  absent  the  top  of  the  Romney,  and  the  lowest 
'in.      fontaining  Spirifer  disjunctus  Sowerby,  with  the  Portage  of  New 

York." 

PORTAGE  GEOLOGICAL  SECTIONS. 

Professor  Swartz,  in  connection  with  his  studies  of  the 
Maryland  Devonian,  made  two  very  detailed  sections  in  West 
Virginia  easl  <>f  Berkeley  Springs.    On  account  of  his  knowl- 
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edge  of  this  fauna,  these  sections  are  so  complete  and  represent 
so  carefully  the  rock  and  faunal  characters  of  the  formations 
that  they  are  here  reproduced  in  complete  sections  from  his 
Maryland  Geological  Survey  Report  on  the  Upper  Devonian 
(pp.  452-457).  The  first  section  was  made  on  Yellow  Springs 
Run  three  miles  east  of  town : 

Section  of  Portage  Formation  Three  Miles  East  of  Berkeley 

Springs  (Swartz). 

Feet. 
Parkhead   Sandstone   Member. 

Concealed.  At  top  a  massive  brown  conglomerate  ex- 
posed     190 

Concealed  in  part.    A  massive  brown  sandstone  20  feet 

near  the  center 77.8 

Smooth  green  shale 24.5 

Green  shale  breaking  into  irregular  fragments.  A  brown 
conglomeratic  sandstone  15  inches  thick  at  base  of 

unit  12 . 2 

Smooth  green  shale 38.5 

Arenaceous  shale  breaking  irregularly 4.5 

Green  shale  breaking  irregularly 16 

Green  shale  breaking  irregularly.  Thin  beds  of  fine- 
grained sandstone  on  top.  At  the  bottom  of  this  unit 
occurs  a  conglomeratic  sandstone  containing  Camaro- 
toechia  congregata  var.  pdrkheadensis  abundant,  and 
Spirifer  mesacostalis  abundant 21.5 

385.0 
Woodmont  Shale   Member.     Ithaca   Fauna   Beds. 

Arenaceous  shale  and  sandstone  of  deep-red  color 28.9 

Green  shale 108 

Red  shale  breaking  irregularly 31.7 

Red  shale  and  hard  red  sandstone 65 . 1 

Green  sandstone  and  shale 7.6 

Fissile  green  shale 45 . 6 

Red  shale  breaking  irregularly 8.3 

Green  and  red  shale 26 

Coarse  shale,  irregular  fracture,  red  and  green  sandstones     7.6 

Green  and  red  shale  and  sandstone 26.8 

Concealed 22 . 8 

Green  fissile  shale.  At  the  bottom  were  found  Cyrtina 
hamiltonensis,  Leiorhynchus  globuliformc ,  Productella 
speciosa.   all  abundant,  also  Spirifer  mucronatus  var. 

posterus 50 

Red  and  green  shale  breaking  irregularly 22.6 

Coarse  green  shale  containing  at  bottom  the  same  fossils 

as  above  and  Grammy sia  communis 15 

Green  and  brown  shale  breaking  iriegularly  and  some 
sandstone.  At  the  bottom,  occur  Productella  speciosa, 
Schisophoria  striatula,  Spirifer  mesastrialis,  S.  mu- 
cronatus var.  posterus  abundant 69 

526.0 
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East  of  this  point  the  folding  is  too  intricate  to  permit  the 
determination  of  thickness. 

The  next  section  quoted  from  Professor  Swartz's  report 
was  made  just  east  of  the  town  of  Berkeley  Springs  from  the 
Romney  contact  eastward  for  a  horizontal  distance  of  3284 
feet.  In  describing  this  section,  he  states  that  "it  is  admirably 
exposed,  free  from  minor  folds,  rich  in  fossils,  is  the  most 
satisfactory  section  for  the  correlation  of  the  lower  strata  of 
the  Jennings  observed  in  the  eastern  part  of  the  area  studied." 

Section  of  Portage  Formations  just  East  of  Berkeley 

Springs  (Swartz). 

Feet. 
Parkhead   Sandstone   Member. 

Concealed.     A  massive   brown   conglomerate    sandstone 

at  top,  15  feet  thick 27 

Concealed.  A  massive  gray  sandstone  at  top  12  feet 
thick,  containing  Camarotoechia  congregata  var. 
parkheadensis,  Tropidoleptus  carinatus,  Spirifer  mesa- 
costal  is  177 . 2 

Concealed    in    part,    exposing    some    fissile    olive-green 

shale    127 . 5 

Massive  greenish-gray  sandstone,  with  Camarotoechia 
congregata  var.  parkheadensis  abundant,  C.  congregata 
with  deeper  sinus  suggesting  var.  contractu,  Spirifer 
mesacostalis,  Cypricardella  gregaria  var.,  Cyclone- 
ma  multistriata.'   Thickness  approximate 12 

343.7 
Woodmont   Shale   Member.     Beds  with    Ithaca   Fauna. 

Very   red   shale   having   a   bed   of  green   sandstone   18 

inches   thick  at   bottom 30 

Fissile   olive-green   shale 39 

Olive-green  shale  breaking  irregularly 6 

Fissile   olive-green   shale 30 

Red    shale IS 

Concealed     9 

Green  sandstone 12 

Fissile  brown  shale 24 

Massive   brown  sandstone 3 

Red     shale 12 

Red  shale  containing  at  top  Productella  speciosa,  Schizo- 
phoria    ttriatula,    Spirifer    mucronatus    var.    posterust 

first   and   last    abundant 12 

Fissile   green    shale 43. tj 

Fissile    red    shale n 

Olive  L-reen    shale    with    thin    beds    green    sandstone (i'.t 

Olive-green  Bhale  <>r  varied  physical  character 1'i.t 

Hackly  green  hale  and  a  few  thin  beds  or  brown  shale 
wiiii   the  Collbwlng   fossils  at   top:       Cyrtina  hamil- 


WEST   VIRGINIA    GEOLOGICAL    SURVEY.  205 

Feet. 
tonensis,    Productella    speciosa,    Pugnax    pugnus    var. 
alius,  all  abundant,  Leiorhynchus  globuliforme,  Spiri- 
fer mucronatus  var.  posterns 69 . 1 

Brown  shale  and  sandstone 13-5 

Hackly  green  shale  containing  at  top  the  above  fossils 

and  also  Schizophoria  striatula  and  crinoid  rings 6 

Green  shale  breaking  irregularly,  with  Productella 
speciosa  common   and  Spirifer  mucronatus  var.   pos- 

terus   Palaeoneilo    brevis? 10 . 5 

Green  hackly  arenaceous  shale  with  Productella  speciosa 

abundant   at  top 6 

Green  hackly  shale  and  thin  beds  of  fine-grained  green 
sandstone.  At  top  occur  Pugnax  pugnus  var.  altus, 
Lingula  statulata,  Leiorhynchus  globuliforme,  Schizo- 
phoria striatula,  Productella  speciosa,  Spirifer  mu- 
cronatus var.   posterns 47 . 5 

Green  shale  very  fissile  at  bottom,  becoming  gradually 
more    hackly    above    with     Spirifer  mucronatus  var. 

posterns    at    top 185 

Green   shale   of  varied   character  with   Cladochonus  hu- 

milis  abundant  at  top 39 

Hackly    green    shale,    one    bed    chocolate    colored,    with 

A  try  pa  reticularis,  Schizophoria  striatula  common....      14.1 

Arenaceous  green  shale  breaking  irregularly 17.5 

Green  shale  breaking  irregularly  with  fossils  at  top: 
Cladochonus  humilis,  Airy  pa  reticularis,  Productella 
speciosa,  Reticularia   laevis   Spirifer  mucronatus   var. 

posterus    • 10.5 

Fissile   green    shale 32 

Fissile  olive-green  shale  and  thin  beds  of  green  sand- 
stone with  following  fossils  at  top:  Airypa  reticu- 
laris abundant,  Lingula  spatulata,  Leiorhynchus  glob- 
uliforme common,  Reticularis  laevis  abundant,  Spiri- 
fer mucronatus  var.  posteriis,  Stropheodonta  demissa 

common    89 

Beds  With  the   Naples   Fauna. 

Concealed    91.5 

Largely  concealed  but  indications  that  strata  similar 
to  the  following  unit  except  that  sandstone  beds  are 

more   numerous 243 

Fissile    olive-green   shale   interbedded  with   thin   layers 

of  flaggy  sandstone,  with  crinoid  segments  at  top..   126 

Fissile    olive-green    shale 74.3 

Largely  concealed 88 . 5 

Romney-Jennings  contact.  

1554.3 
Total  thickness  of  Portage  beds 1898  feet. 

In  Morgan  and  Berkeley  Counties,  the  Parkhead  horizon 
is  marked  by  an  outcrop  of  brownish  sandstone  and  hard 
vitreous  conglomerate  forming  ridges  which  can  be  traced 
across  the  county,  but  the  shales  have  weathered  and  the 
sandstone  debris  partially  conceals  them  so  that  it  is  usually 
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very  difficult  to  obtain  anj^  complete  sections  of  this  forma- 
tion. The  following  sections  show  the  character  of  the  rocks 
composing  the  Woodmont  Shale  member  of  the  Portage  in 
this  area  and  the  thickness  of  the  Parkhead  member  has  been 
estimated  from  width  of  outcrop  of  the  sandstones  and  shales 
composing  this  member  as  far  as  it  was  possible  to  locate 
them. 

The  following  section  was  measured  to  the  east  of  Wood- 
mont Station  one  mile  west  of  Sleepy  Creek  Station  along  the 
county  road : 

Section  of  Portage  East  of  Woodmont,  Morgan  County. 

Feet. 
Parkhead   Sandstone  and  shales. 

Greenish-buff    shales 55 

Red    shales 6 

Flaggy   greenish-gray    sandstone,    smooth    plates 12 

Buff    shales 30 

Flaggy   sandstone 8 

Buff  shales,  some  red 36 

Concealed,  mostly  greenish-buff  shales 220 

Reddish  and  buff  blocky  shales 75 

Olive-green    shales 130 

Greenish-buff  flaky  and  blocky  shales 50 

Greenish-buff   shales 106 

Concealed,  a  gravel-covered  terrace 105 

Greenish-gray    and    red    and   buff   shales    with   blocks    of 

green    sandstone 415 

1248 
Romney  Sandstone. 

Parkhead,    estimated 475 

Total    thickness    Portage 1723 

Another  section  of  the  Woodmont  member  of  the  Portage 
was  measured  eight  miles  south  of  Woodmont  and  west  of 
Fishers  Ford,  as  follows: 

Section  of  Portage  West  of  Fishers  Ford,  Morgan  County. 

Feet. 
i  ':i  1 1.  head  Sandstone  and  shales. 

Plat}    buff  and   flaky  shales 75 

Greenish  compact   smooth  shales 130 

Blocl  i    ■■! 'i  ■  in:  h  buff    Bandstone 2 

Olive-green    smooth    shales 156 
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Feet. 
Reddish  and  buff  shales  weather  to  small  blocks  or 

flakes  like  a  sand 75 

Greenish  small  blocky  shale 75 

Smooth  green  platy  shales  and  at  top  a  thin  ledge 

of  greenish  flag  sandstone 315 

Green  sandstone  part  of  it  solid  and  compact,  and 

hard  shales  or  flag  sandstone 180 

Platy  greenish  shales  and  buff 284     1292 

Greenish-gray  hard  sandstone  of  Romney. 

Parkhead    member,    estimated 480 

Total  thickness   of  Portage 1772 

About  half-way  between  these  two  sections,  the  Wood- 
mont  member  was  measured  as  1260  feet. 

OUTCROPS.- — The  Portage  Formation  with  its  Wood- 
mont and  Parkhead  members  is  found  in  two  eroded  anticlinal 
belts  separated  by  a  synclinal  trough  of  Chemung  in  the  west- 
ward bends  of  the  Potomac  west  of  Doe  Gully  and  Hansrote 
along  the  western  edge  of  Morgan  County. 

A  belt  can  be  traced  northeast-southwest  across  Morgan 
County  just  west  of  the  Romney  belt  west  of  Tonoloway 
Ridge  in  the  same  county.  The  Parkhead  Sandstone  and  con- 
glomerate forms  at  this  place  Road  Ridge  while  the  Wood- 
mont  Shales  and  thin  sandstones  are  found  on  the  eastern 
slope  of  this  ridge  in  a  belt  about  1000  feet  wide. 

A  somewhat  wider  belt  of  Portage  rocks  follows  parallel 
to  the  east  side  of  Warm  Spring  Ridge,  passing  east  of  Berke- 
ley Springs  to  the  Potomac  near  Hancock.  The  Parkhead 
here  forms  the  crest  of  Horse  Ridge. 

Two  miles  east  of  Berkeley  Springs  from  Riderville  to 
Sleepy  Creek  and  south,  is  an  anticlinal  fold  of  Portage  rocks 
which  is  covered  by  the  Chemung  at  the  south  just  north  of 
Stotlers  Crossroads,  but  it  extends  northward  to  the  river. 
North  of  Stohrs  Crossroads  the  Woodmont  member  has  nearly 
disappeared  until  it  comes  in  again  about  a  mile  south  of  the 
river. 

In  northeastern  Morgan  County  and  the  western  por- 
tion of  Berkeley,  a  long  narrow  belt  of  Portage  is  found 
about  one  and  a  half  miles  east  of  Third  Hill  Mountain  and 
parallel  with  it.  The  Parkhead  here  forms  the  crests  of  a 
series  of' ridge  hills  with  the  Woodmont  on  the  eastern  slope. 
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A  narrow  anticlinal  area  of  Portage  extends  from  the 
Hedgesville  road  one-half  mile  west  of  the  town,  northeast  to 
the  river  bluffs  on  the  low-grade  line  of  the  Baltimore  and 
Ohio  Railroad. 

THE  GENESEE  BLACK  SHALES. 

The  basal  member  of  the  Upper  Devonian  is  the  Genesee, 
which  includes  a  group  of  fissile  black  shales  that  rest  upon 
the  Hamilton  Sandstones  and  grade  upward  into  the  Portage 
beds.  The  Portage  Shales  are  olive-green  in  color  and  break 
into  irregular-shaped  fragments  while  the  Genesee  Shales  are 
black  to  brownish  and  break  into  smooth  plates. 

Swartz  states  in  the  Pawpaw-Hancock  Folio  (p.  86)  that : 

"This  member  is  about  100  feet  thick  a  short  distance  west  of 
the  Pawpaw  Quadrangle.  It  is  exposed  in  the  Pawpaw  Quadrangle 
only  on  a  small  anticline  that  enters  the  quadrangle  west  of  Green 
Ridge  (Maryland),  where  it  is  but  a  few  feet  thick,  its  precise  thick- 
ness not  being  determinable,  but  it  is  too  thin  to  be  mapped.  It 
thins  and  disappears  in  a  short  distance  eastward.  The  Genesee 
black  shale  member  abounds  in  individuals  of  a  few  species  wherever 
its  strata  are  exposed.  The  fossils  are  chiefly  minute  pelecypods 
associated  with  pteropods  and  goniatites." 

The  fossils  found  are  similar  to  those  of  the  Genesee  r 
New  York  and  Swartz  states  that  the  eastward  disappearance 
is  a  feature  also  observed  in  the  formation  in  New  York.    This 
formation  is  not  exposed  in  the  eastern  Panhandle  Counties. 


PLATE  XIV (A). — Hamilton  Shales  contorted  around  a  Sandy  Inclusion,  Low 
Grade  Railroad  on  Potomac. 


PLATE  XIV (B).— Hamilton   Shales   Showing    Spheroidal    Weathering    near 
Mouth  of  Back  Creek. 


CHAPTER  VIII. 


THE    DEVONIAN    PERIOD— THE   HAMILTON, 

MARCELLUS  AND  ONONDAGA 

FORMATIONS. 


The  Middle  Devonian  Group  in  West  Virginia  is  repre- 
sented by  the  following  formations : 

Hamilton. 
Marcellus. 
Onondaga. 

Darton  of  the  United  States  Geological  Survey  in  1892 
in  his  work  on  the  Staunton  Folio  (No.  14)  reached  the  con- 
clusion that  there  was  not  sufficient  evidence  to  correlate 
precisely  the  Virginia  and  West  Virginia  Devonian  Forma- 
tions with  those  of  New  York  and  hence  proposed  a  new 
name  for  the  Middle  Devonian  Group  of  rocks  in  the  term 
Romney,  named  from  the  excellent  exposures  near  that  town 
in  Hampshire  County,  West  Virginia.  This  name  has  been 
adopted  and  is  now  in  use  by  the  United  States  Geological 
Survey  and  by  the  Maryland  Geological  Survey,  but  as  the 
original  New  York  formations  are  so  readily  recognizable  in 
West  Virginia,  there  would  appear  to  be  no  reasons  for  dis- 
carding them  while  the  law  of  priority  gives  entirely  adequate 
and  valid  reason  for  their  retention. 

The  fossils  of  this  group  are  in  very  many  outcrops 
characteristic  of  the  New  York  sections.  Near  the  base  of 
the  group  are  found  characteristic  fossils  of  the  New  York 
Onondaga,  and  above  are  fossils  of  Marcellus  age  with  still 
higher  strata  carrying  fossils  of  Hamilton  age.  The  three 
divisions  of  the  Middle  Devonian  have  been  traced  con- 
tinuously from  the  typical  New  York  sections  across  Pennsyl- 
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vania  and  Maryland  into  West  Virginia,  both  by  their  char- 
acteristic fossils  and  by  the  lithological  characters  of  the  three 
groups.  In  Pennsylvania,  the  Geological  Survey  followed  the 
New  York  classification  to  the  Maryland  line,  and  the  work 
of  the  Maryland  Geological  Survey  shows  this  continuity  to 
and  into  the  State  of  West  Virginia. 

With  this  feature  present  of  continuous  correlation  from 
New  York  into  West  Virginia,  the  adoption  of  a  new  name 
for  the  Middle  Devonian  does  not  seem  to  be  required.  There 
are  difficulties  in  the  field  with  poor  and  sometimes  distantly 
removed  exposures,  and  scarcity  of  fossils  in  some  districts, 
which  make  the  accurate  mapping  of  these  subdivisions  very 
difficult  and  troublesome.  The  line  can  in  such  cases,  how- 
ever, be  approximated,  and  it  has  been  deemed  advisable  in 
the  present  Report  to  retain  the  New  York  nomenclature  and 
to  attempt  at  least  to  approximate  their  boundaries  on  the  map. 

Professor  Prosser  in  his  studies  of  the  Maryland  Devo- 
nian stratigraphy  (Md.  Geol.  Survey,  Middle  Devon.,  p.  44) 
concludes : 

"The  evidence  given  above  for  correlating  the  Romney  shales 
overlying  the  Onondaga  Member,  with  the  Marcellus  and  Hamilton 
stages  of  New  York  is  considered  conclusive,  especially  when  it  is 
taken  into  consideration  that  other  sections  in  the  Middle  Devonian 
rocks  of  southern  Pennsylvania,  Maryland,  and  northern  West  Vir- 
ginia present  a  similar  array  of  facts  i-n  favor  of  such  correlation." 

He  again  in  discussing  this  correlation,  states  (p.  46)  : 

"This  agreement  in  the  correlation  of  the  formations  in  western 
Maryland  and  southern  Pennsylvania  is  important  for  the  Second 
Survey  virtually  traced  the  Devonian  and  Silurian  formations  from 
New  York  across  the  state  to  Maryland.  The  writer  has  studied  a 
part  of  the  Pennsylvania  region  in  the  field  and  although  in  some  of 
the  classification  in  the  northeastern  part  of  the  state  he  differed 
from  the  Pennsylvania  Survey,  in  general  the  formations  were  ac- 
curately correlated  with  the  standard  ones  of  New  York.  Further- 
more, in  reference  to  the  claim  sometimes  made  that  fossils  are  unre- 
liable, il  is  tf>  bo  s;iid  that  in  the  Pennsylvania  Survey  greater  de- 
pendence  was  placed  upon  the  lithology.  stratigraphy,  and  actual 
tracing  of  the  formations  In  the  field  than  upon  fossils." 

And  in  tin-  discussion  of  the  Hamilton  fauna  compared 
with  thai  of  New  York,   Prosser  (p.  103)  states  that, 
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"The  above  review  of  the  paleontological  evidence  shows  con- 
clusively the  extension  of  the  New  York  Hamilton  as  far  south  in  tHe 
Appalachian  basin  as  Maryland  and  the  northern  part  of  West  Vir- 
ginia." 

There  seems  to  be  no  dispute  in  regard  to  the  continuation 
of  the  New  York  divisions  of  the  Middle  Devonian  southward 
into  West  Virginia,  and  in  typical  exposed  sections  there  ap- 
pears to  be  no  trouble  in  the  identification  and  separation  of 
the  three  groups,  and  notwithstanding  the  difficulties  in  field 
map  work  of  the  groups,  it  seems  more  reasonable  to  retain 
the  long-established  names  of  the  New  York  section  than  to 
adopt  a  new  term. 

THE  HAMILTON  FORMATION. 

The  Hamilton  Formation  was  named  from  its  exposures 
in  Hamilton  Township  in  New  York  not  far  from  Utica. 
Lesley  states  that  the  surface  of  its  outcrop  extends  from 
New  York  across  eastern  Pennsylvania  southwest  to  the 
Susquehanna  River  five  miles  above  Harrisburg,  thence 
through  Perry  County  and  through  Juniata,  Huntingdon  and 
Fulton  Counties  into  Maryland  and  West  Virginia,  with  a 
thickness  in  New  York  of  700  feet,  thinning  west  to  300  feet. 
He  states  that  it  is  the  most  fossiliferous  formation  in  New 
Y  ork. 

In  Huntingdon  County,  Pennsylvania,  Dr.  I.  C.  White 
divided  the  Hamilton  into  five  groups,  as  follows  (Final 
Report,  Penna.  Geol.  Survey,  p.  1277)  : 

Upper  Shale  beds,  yellow,  greenish,  and  gray,  very  fossil- 
iferous, thickness  200  to  250  feet. 

Upper  Sandstone,  bluish-gray  to  drab,  some  fossils. 

Middle  Shale  beds,  dull  gray,  weather  to  small  chips,  full  of 
fossils  about  one  to  ten  feet  above  base.  Thickness  200 
to  225  feet. 

Lower  Sandstone,  dark  gray  to  yellowish-brown  in  layers  six 
inches  to  two  feet  thick,  upper  layers  quite  fossiliferous. 
Thickness  about  50  feet. 

Lower  Shale  beds,  more  or  less  sandy,  few  fossils,  thickness 
75  to  100  feet. 

The  total  thickness  of  the  Hamilton  in  this  county  is  550 
to  665  feet,  and  in  Bedford  County,  793  feet. 
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In  Maryland,  Professor  Prosser  states  (loc.  cit.,  p.  50) 
that  the  Hamilton  has  a  thickness  of  1000  feet  composed  of 
shales  and  sandstones,  the  shales  when  fresh  being  blue  or 
gray  in  color  weathering  to  a  greenish  or  yellowish-gray  tint. 
The  sandstones  are  blue  or  gray  in  color  often  less  than  one 
foot  thick  with  two  heavy  ledges  30  to  75  feet,  the  lower  one 
850  to  1050  feet  above  the  base  of  the  formation,  and  the  other 
at  or  near  the  top ;  also  a  conglomerate  ledge  is  found  175 
feet  below  the  top  in  the  area  east  of  Hancock.  The  upper 
shales  between  the  two  large  sandstones  are  very  fossiliferous 
in  many  localities. 

The  Middle  Devonian  shales  and  limestones  continue 
from  Maryland  across  the  Potomac  into  Morgan  and  Berkeley 
Counties  of  West  Virginia,  and  show  the  three-fold  division. 
The  most  extensive  one  of  the  three  is  the  Hamilton  which  is 
highly  fossiliferous  in  its  upper  portion.  It  rests  below  usually 
on  the  Marcellus  Black  Shales,  and  above  is  separated  from 
the  Portage  by  a  heavy  ledge  of  sandstone. 

The  upper  shales  are  purplish-black,  quite  sandy,  with 
glistening  surfaces  and  break  into  slabby,  or  nodular  masses 
especially  near  the  top.  Below  they  are  smooth  platy  shales 
olive  to  greenish-black  color  and  on  weathering  often  become 
chocolate-brown  to  brownish-buff  color.  The  shale  also  shows 
a  tendency  to  weather  to  small  blocks  like  a  sand,  called  in 
the   Pennsylvania  Survey   Reports  "slate  gravel". 

There  are  a  number  of  interbedded  sandstones  two  to  ten 
inches  thick  which  in  some  ledges  weather  shaly  and  in  others 
to  angular  blocks.  Some  of  the  shales  also  show  a  blocky 
character  in  seams  two  to  six  inches  thick  which  look  at  a 
distance  like  sandstone  ledges.  The  sandstones  arc  usually 
greenish-gray  in  color  and  at  the  top  is  a  massive  ledge  50  to 
60  feet  thick  which  is  near  the  top  of  the  formation ;  and  on 
the  map  the  line  between  the  Hamilton  and  Portage  is  drawn 
just  above  this  sandstone.  In  some  sections  a  heavy  ledge  of 
greenish-gray  sandstone  is  found  near  the  base  of  the  Hamil- 
ton. This  stratum  is  45  feel  thick  on  the  Potomac  east  Of 
Back  Creek.  Other  ledges  of  sandstone  come  in  the  sections 
but  they  are  usually  of  small  thickness.     One  and  a  half  miles 
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west  of  Cherry  Run  Station  a  conglomerate  was  found  on  top 
of  the  ridge  on  both  west  county  roads  in  the  upper  part  of 
the  Hamilton.  The  upper  beds  are  very  fossiliferous  and 
contain  forms  typical  of  the  Hamilton  of  New  York. 

OUTCROPS. — The  most  western  outcrop  of  the  Ham- 
ilton Formation  in  Morgan  and  Berkeley  Counties  is  just 
west  of  Tonoloway  Ridge  and  parallel  to  it  extending  north- 
ward to  the  Potomac  just  west  of  Great  Cacapon  Station,  a 
belt  about  1800  feet  wide  which  shows  the  greenish-gray 
hard  and  compact  sandstone  at  the  top,  60  feet  thick  underlain 
bv  greenish-buff  to  olive  shales  broken  by  thin  sandstone 
strata. 

A  belt  of  Hamilton  rocks  follows  parallel  to  the  Warm 
Spring  Ridge  on  the  east  side  through  Berkeley  Springs  to 
the  river  at  Hancock.  It  is  one-half  to  three- fourths  mile 
wide. 

About  two  miles  east  of  Third  Hill  Mountain  is  an  area 
of  Hamilton  which  extends  east  to  Ferrel  Ridge  and  north  to 
the  river.  Another  belt  lies  between  this  ridge  and  North 
Mountain,  and  the  two  unite  north  of  Ferrel  Ridge  forming  a 
broad  belt  four  to  five  miles  wide  exposed  along  the  river 
from  Cherry  Run  Station  to  the  limestones  a  mile  and  more 
east  of  Back  Creek  railroad  bridge. 

The  following  sections  illustrate  the  character  of  the 
Hamilton  strata  near  the  eastern  border  of  the  Back  Creek 
Valley  outcrops.  The  first  section  was  measured  along  the 
river  bluffs  as  exposed  in  the  cuts  of  the  low-grade  line  of  the 
Baltimore  and  Ohio  Railroad.  It  probably  does  not  quite 
reach  the  base  of  the  formation.  The  base  of  the  section  was 
obscured  by  a  fold,  but  the  thickness  of  the  section  measured 
would  indicate  that  the  section  is  very  nearly  complete : 

Section  of  Hamilton  on  Potomac  North  of  North  Mountain. 

Feet. 
Sandstone,   dark   greenish-gray  almost  black,   some 

nodular   concretions   in   it 50 

Slabby  very  sandy  shales  in  large  blocks  almost  like 

a  shaly  sandstone  and  at  bottom  full  of  fossils.   140 

Fossil-bearing  sandy   shales 56 

Sandy  shales  very  few  fossils 42 

Blocky  sandstone,  gray,  compact,  hard 14 

Shales  weather  spheroidal,  many  concretionary  balls     60 
Sandy  buff  to  slate  black  color  with  fossils 6 
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Feet. 

Sandy  shales  slabby  with  a  few  fossils 33 

Shales,  some  ledges  shaly  sandstone  full  of  fossils, 

in  more  or  less  prismatic  ledges  by  jointing...  60 

Fine   flaky  shales 15 

Solid  ledges   of   shales 76 

Shales  in  solid  ledges  and  flaky  shales 152 

Sandstone    8 

Shales   with  well-developed   spheroidal   weathering, 

and  at  bottom  a  ledge  full  of  fossil  brachiopods.  126 

Concealed  along  railroad  fill 118 

Shales   with   ten-inch   ledge   greenish   sandstone,   8 

inches  chocolate-brown  blocky  shale  and  shales 

with  two-  to  four-inch  ledges  blocky  sandstone  50 
Shales    with    spheroidal    weathering,    thin    ledges 

blocky  sandstone,  fossil  casts  in  the  shales..  95 

Greenish-gray  sandstone  and  shales 45 

Solid  blocky  greenish  shale  with  four-  to  eight-inch 

blocky  ledges  through  it,  dip  nearly  vertical...  50     1196 

Another  section  was  measured  to  west  of  Hedgesville  on 
the  county  road  from  the  contact  of  the  Hamilton  and 
Portage  west  across  Back  Creek  and  in  this  section  while  the 
basal  part  of  the  section  is  probably  lacking,  the  section  is 
regarded  as  being  nearly  complete.  The  details  of  this  section 
are  somewhat  concealed,  but  it -represents  the  general  charac- 
ter of  the  Hamilton  in  this  portion  of  the  area.  Further  west 
the  section  could  not  be  measured  with  any  accuracy  on 
account  of  the  folding  and  the  faulting  near  Ferrel  Ridge. 

Section  of  Hamilton  West  of  Hedgesville,  Berkeley  County. 

Feet. 

Heavy  ledge  greenish-gray  sandstone 36 

Sandy  greenish-gray  to  buff  shales   with  fossils...     35 

Blocky  sandy  shales  almost  a  sandstone 35 

Flaky  shales  weathering  to  a  chocolate-brown  color     85 

More    solid   shaly   ledges 60 

Ledges  very  solid  sandy  shales 50 

Greenish  to  buff  fine  flaky  shales 85 

Solid  ledges  of  buff  shales  that  weather  to  crumbly 

shalos    120 

Shaly    ledges     greenish     color    weather     chocolate- 
brown    102 

Purplish    to    black    shales,    pronounced    spheroidal 

weathering    60 

Ch0C0late-buff    shales 30 

Back  Creels  bottom  and  bridge,  concealed 170 

Flaky  chocolate-brown   shales 224 

Dark-may   to  black   fine  (laky  shales  weather  brown- 
ish          40     1132 
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The  Hamilton  Shales  were  followed  westward  nearly  to 
the  east  slope  of  Ferrel  Ridge  where  it  is  apparently  separated 
by  the  Marcellus  from  the  Oriskany,  and  typical  Hamilton 
fossils  were  found  in  the  shales  at  this  point,  the  most  common 
being  tribolite  fragments  of  Phacops  rana.  The  formation 
was  then  traced  to  good  exposures  at  Soho  and  Holton,  and 
typical  fossils  were  found  between  these  two  places.  To  the 
west  of  Holton  a  heavy  greenish-gray  sandstone  comes  into 
the  section  apparently  in  the  upper  part  though  the  folding 
in  this  area  makes  the  horizon  difficult  to  locate.  Over  much 
of  this  area  especially  at  the  good  exposures  2iear  Back  Creek, 
the  spheroidal  weathering  is  well  shown  in  these  shales. 

The  following  section  was  measured  by  Professor  Prosser 
across  the  river  in  Maryland  from  Great  Cacapon  .Station.  It 
shows  the  detailed  structure  of  the  Hamilton  where  the  strata 
are  well  exposed  in  the  comparatively  recent  cuts  of  the 
Western  Maryland  Railroad.  Withjt'is  included  his  section 
at  the  same  place  of  the  lower  formations  which  are  described 
later  in  the  present  Chapter.  The  section  is  copied  from  the 
Pawpaw-Hancock  Folio  (p.  74)  : 


Section  of  Middle  Devonian  Formations  Opposite  Great 
Cacapon  (Prosser), 

Hamilton   Shales.  Feet. 

Massive  grayish  to  slightly  greenish-gray  sandstone, 
breaking  into  large  irregular  blocks;  fossils  rare; 
upper   sandstone   zone 59 

Bluish-gray  arenaceous  shale,  with  a  few  intercalated 
thin  sandstones.  The  shale  breaks  into  irregular 
pieces  and  is  very  fossiliferous,  containing  Spirifer 
mucronatus,  Tropidoleptus  carinatus,  Chonetes  mucrona- 
tus,  Chonetes  coronatus,  C.  setiger,  Prothyris  lance- 
olata,  Paracyclas  Iirata,  etc 505 

Bluish,  not  very  thick  bedded,  sandstone  and  interbedded 

shale,  constituting  lower  sandstone  zone 57 

Bluish  shale  and  some  thin-bedded  sandstone 225 

Thin,  bluish,  somewhat  irregular  arenaceous  shale.     The 

greater  part  of  this  zone  is  covered 479 

Thickness  of  Hamilton 1325 
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Marcellus   Shale   Member.  Feet. 

Thin-bedded  bluish-black  to  black  fissile  shale  containing 
Leiorhynchus  limitare.  The  shale  is  greatly  contorted 
and    crushed,    rendering    it    difficult    to    measure    its 

thickness.     About 170 

Onondaga  Shale  Member. 

Concealed,    approximately 100 

Interbedded    greenish-drab    and    black    blocky    shale    in 
which  Kindle  found  Strophalosia  truncata,  Rhipidomella 
vanuxemi,  Ambocoelia  umbonata,  Nucleospira  concinna, 
Dahnanella   lenticularis,  Anoplea   cf.    nucleata,   Leptae- 
nisca  n.  sp.,  Styliola  fissurella,  Phacops  cristata,  etc....     60 

Thickness  of  Onondaga 169 

Total  thickness  of  Middle  Devonian 1655  feet. 

The  following  section  was  measured  by  Dr.  Rowe  and 
given  in  the  Maryland  Geological  Survey  Report  on  the 
Middle  Devonian  (p.  81).  It  was  measured  on  the  National 
Road  just  east  of  Hancock. 

Section  of  Hamilton  East  of  Hancock,  Maryland  (Rowe). 

Feet. 
Cross-    and    thin-bedded    light    olive    sandstone 

with  little  or  no  shale.     Top  of  Hamilton. .  .     55 ^ 
Layer  with   numerous    specimens    of   Camarotoe- 

chia     • 72 

Bluish-gray    shales    with   a   band    of    calcareous 

sandstone   near   the   top.     This   zone   is   fos- 

siliferous   260         367y2 


The  Hamilton  in  certain  zones  of  the  formation  is  very 
fossilifcrous  and  Swartz  in  the  Pawpaw-Hancock  Folio  gives 
the  following  list  of  fossils  as  common  in  the  Hamilton  of 
this  area  (p.  80)  : 


//  thyris  spiriferoides. 
Camarotncchia  sappho. 
Chonetes  mucronatus. 
< 'honetes  coronatus. 
<  'honetes  vicinus. 
Cyrtina  hawiltonensis. 
Reticularia  fimbriata. 
Rhipidomella  penelope. 
Rhipidomella  vanuxemi. 
Spirifer  granulosus. 
Spirifer    *  ulptilis. 
Spirifer  tullius. 


Stropheodonta  concava. 
Stropheodonta  demissa. 
Tropidoleptus  carinatus. 
Cypricardella  bellistriata. 
(irnnuiiysia  bisulcata. 
Nucleospira  concinna. 
Palaeoneilo  constricta. 
I  oa  onema  hamiltoniae. 
Pleurotomaria  capillaris. 
Homalonotus  dekayi. 
Phacops  I'n '"" ■ 
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THE  MARCELLUS  FORMATION. 

The  Marcellus  group  of  black  shales,  with  very  few  fossils, 
is  stated  by  Lesley  to  be  only  50  feet  thick  in  western  New 
York  and  seldom  reaches  a  greater  thickness  than  300  feet 
though  the  maximum  near  the  Susquehanna  River  w7as  800 
feet.  In  New  York  it  rests  upon  the  Corniferous  Limestone 
sometimes  called  the  Upper  Helderberg  Limestone,  which  in 
turn  rests  on  the  Oriskany  Sandstone.  As  the  formation  is 
followed  westward  in  New  York  and  through  Pennsylvania, 
the  limestone  seems  to  be  replaced  by  shales  which  were 
regarded  by  the  Pennsylvania  Survey  as  Marcellus,  though 
now  they  are  separated  under  the  term  Onondaga. 

In  western  New  York,  Lesley  states  (Final  Report,  p. 
1196)  that  the  Marcellus  is  found  in  two  divisions — the  lower 
very  black  slaty  and  bituminous  shales  full  of  iron  pyrites  and 
concretions  (septaria)  and  thin  beds  of  limestone ;  and  sepa- 
rated by  this  limestone  from  the  upper  division  of  more  fissile, 
black  shales  and  grading  upward  into  the  olive  shales  of  the 
Hamilton.  The  fossils  are  small  and  fragile  but  well  pre- 
served in  the  New  York  exposures. 

In  central  Pennsylvania,  the  Marcellus  carries  an  iron  ore 
seam  about  four  feet  thick  with  35  per  cent,  iron  in  Hunting- 
don County,  whose  horizon  is  near  the  base  of  the  Marcellus, 
making  a  good  guide  in  the  study  of  the  stratigraphy  in  those 
sections. 

In  Maryland,  Prosser  (loc.  cit.,  p.  49)  states  that  the 
Marcellus  is  "composed  principally  of  fissile  black  shale  some 
of  which  weathers  to  a  yellowish  or  buff  color  on  long  ex- 
posure". He  finds  that  the  lithological  character  agrees  with 
the  Marcellus  of  New  York  and  that  the  fossils  found  are 
common  in  the  same  group  in  that  State.  Swartz  in  the  same 
report  (p.  98)  reaches  the  conclusion  that  the  character  of  the 
rocks  and  the  fossils  establish  the  Marcellus  age  of  these 
rocks. 

The  Marcellus  Formation  in  Maryland  is  shown  to  be 
about  170  feet  in  the  section  across  the  river  from  Great 
Cacapon  quoted  on  a  preceding  page.  It  there  consists  of  thin- 
bedded  bluish-black  fissile  shale  which  is   greatly  contorted 
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and  crushed.  South  of  Berkeley  Springs,  Kindle  measured 
250  feet  of  Marcellus  Black  Shales,  though  part  of  the  thick- 
ness was  estimated  as  it  was  covered  by  debris. 

The  following  fossils  are  identified  by  Prosser  from  the 
Marcellus  in  the  Maryland  and  West  Virginia  area  (Pawpaw- 
Hancock  Folio,  p.  78)  : 

Ambocoelia  umbonata.  Spirifer  mucronatus. 

Camarotoechia  prolifica.  Tropidolcptus  carinatus. 

Chonetes  mucronatus.  Nucula  corbuliformis. 

Chonetcs  scitulus.  Nuculites  triqueter. 

Chonetes  lepidus.  Styliola  fissurella. 

Cyrtina  hamiltonensis.  Phacops  rana. 
Leiorhynchus  limitare. 

THE  ONONDAGA  FORMATION. 

Kindle  describes  the  Onondaga  Shale  member  of  the 
Middle  Devonian  as  follows  in  the  Maryland  Devonian  Report 
(p.  48)  : 

"The  Onondaga  Shale  is  prevailingly  lighter  in  color  than  the 
overlying  Marcellus  shale  while  many  of  the  beds  are  blocky.  Upon 
weathering  it  usually  become  buff  or  greenish-brown,  and  breaks  into 
irregular  fragments,  resembling,  in  this  respect,  the  upper  part  of 
the  Hamilton  member,  and  finally  disintegrates  into  clay.  Interbed- 
ded  with  the  lighter  strata,  however,  are  beds  of  black,  or  dark  brown, 
fissile  shale,  which  resemble  the  shale  of  the  overlying  Marcellus 
very  closely.  Thin  beds  of  dark,  argillaceous  limestone  occur  at  sev- 
eral horizons  and  vary  much  in  thickness  and  purity.  They  play  a 
'ess  important  role  in  the  Maryland  sections  than  in  Pennsylvania, 
the  dark  and  drab  shale  almost,  if  not  entirely,  supplanting  them 
locally.     The  thickness  of  this  member  varies  from  100  to  150  feet." 

This  group  has  only  recently  been  separated  in  the  Penn- 
sylvania and  Maryland  sections,  and  was  supposed  to  be 
absent  until  the  detailed  work  of  Kindle.  Clarke1  has  estab- 
lished a  relation  between  the  Onondaga  and  Marcellus  some- 
what similar  to  that  between  the  Catskill  and  Chemung,  in 
that  the  Onondaga  and  Marcellus  do  not  represent  successive 
periods  of  time  throughout  the  formations,  but  that  the  lower 
beds  of  the  Marcellus  were  deposited  at  the  same  time  as  the 
upper  beds  of  the  Onondaga.     In  New  York-,  the  Onondaga 


'Bull.  N.  Y.  Stale  Museum,  No.  49,  pp.   L15-138;   quoted  by  Swartz, 
Mel     Ceol.    Survey    Uoport    Middle    Devonian,    p.   8!). 
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Limestones  were  forming  at  the  west  while  Marcellus  Shales 
or  Clays  were  being  deposited  at  the  east.  Swartz  from  his 
studies  in  Maryland  concluded  that  "the  shales  replace  suc- 
cessively lower  and  lower  limestone  beds  as  we  approach  the 
shore-line,  until  a  large  part  of  the  deposits  of  Onondaga  time 
may  be  represented  by  shale.  Such  appears  to  be  the  case  in 
Maryland". 

The  section  of  the  formations  opposite  Great  Cacapon, 
quoted  on  a  preceding  page,  shows  the  Onondaga  at  that 
place  to  be  about  160  feet  thick  and  made  up  of  interbedded 
greenish-drab  and  black  blocky  shale  with  fossils. 

The  following  section  was  measured  by  Kindle  and  given 
in  the  Maryland  Report  (p.  59).  The  section  was  made  on 
the  east  slope  of  Warm  Spring  Ridge  about  one  and  a  halt 
miles  south  of  Berkeley  Springs : 

Section  of  Onondaga  South  of  Berkeley  Springs  (Kindle). 

Marcellus   Black   Shale   and    concealed 250   feet. 

Onondaga  Member.  Feet. 

Covered     35 

Black  blocky  argillaceous  shale,  full  of  fossils 20 

Drab   shale,  weathering   cherry-red   in   places,   fossils 
scarce,    Craniella     hamiltoniae ,    Leptostrophia    per- 

plana,  Ambocoelia  umbonata 18 

Cream   or   light   putty-colored   clay   shale,   with   some 

huffish    layers 10     83 

Oriskany    Sandstone 

Swartz  in  the  Pawpaw-Hancock  Folio  (p.  76)  gives  the 
following  list  of  fossils  collected  by  E.  M.  Kindle  in  the 
Onondaga  near  Berkeley  Springs  and  opposite  Great  Cacapon : 


Craniella  hamiltoniae. 
Rhipidomella  vanuxemi. 
Dalmanella  lenticularis. 
Leptaenisca  n.  sp. 
Pholidostrophia  n.  sp. 
Leptostrophia  per  plana. 
Anoplia  nucleolata. 
Strophalosia  truncata. 
Ambocoelia  umbonata. 


Nucula  cf.  corbuliformis. 
Nucleospira   concinna. 
Styliola  fissurella. 
Phacops  cristata. 
Bollia  nngula. 
Bollia  obesa. 
Craterellina  n.  sp. 
Polygnathus   sp. 


CHAPTER  IX. 


THE  DEVONIAN  PERIOD— THE  ORISKANY 
AND  HELDERBERG  FORMATIONS. 


The  Lower  Devonian  in  Maryland  and  West  Virginia 
includes  two  groups  of  rocks : 

Oriskany  Sandstone  Formation. 
Helderberg    Limestone   Formation. 

THE   ORISKANY    SANDSTONE    FORMATION. 

The  Oriskany  or  Formation  No.  VII  of  the  First  Penn- 
sylvania Survey,  was  named  from  its  exposures  at  Oriskany 
Falls  near  Utica,  New  York,  where  it  is  described  as  a  pure, 
light-yellow  sandstone. 

In  Pennsylvania,  Lesley  states  (Final  Report,  Vol.  2, 
p.  1036) : 

"The  outcrops  of  Oriskany  extend  in  straight  and  curved  lines 
and  many  zigzags  through  nineteen  counties,  a  total  distance  of  1100 
miles;  the  formation  however  appearing  and  disappearing,  thick- 
ening and  thinning;  varying  in  character  from  sandy  shale  to  mas- 
sive flint  rock;  in  some  places  crowded  with  shells,  at  others  almost 
destitute  of  them;  in  some  places  calcareous,  in  others  with  scarcely 
a  trace  of  lime;  in  some  places  highly  ferruginous,  even  containing 
iron  enough  to  furnish  furnace  ore." 

The  sandstone  has  been  worked  in  that  State  for  glass 
sand  in  Huntingdon  County,  and,  southwest  of  Lewiston, 
according  to  Lesley,  it  contains  98.84  per  cent,  silica  and  0.34 
per  cent,  iron  oxide,  lie  gives  the  maximum  thickness  in  that 
county  as  200  feet  and  in  Perry  County  not  over  25  feet.  Some 
of  the  formation  is  a  sandy  limestone  along  the  Helderberg 
Mountains  in  New  Yorlc,  and  in  sections  on  the  Delaware  and 
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Upper  Juniata  Rivers  in  Pennsylvania.  The  formation  was 
called  the  Monterey  Sandstone  in  the  early  Folios  of  the 
United  States  Geological  Survey,  but  the  term  Oriskany  is 
now  used  by  that  Survey. 

In  the  work  of  the  Maryland  Survey,  the  Oriskany  was 
divided  into  two  groups,  the  Upper  Oriskany  or  Ridgely 
Sandstone,  and  the  Lower  Oriskany  or  Shriver  Chert.  The 
Lower  or  Shriver  Chert,  according  to  the  Maryland  Survey 
Report  on  Lower  Devonian  (p.  91)  : 

"Consists,  of  a  dark  siliceous  shale  containing  large  quantities  of 
black  impure  chert  in  the  form  of  nodules  or  layers  of  nodules.  Upon 
weathering  both  shale  and  chert  become  buff  or  yellowish  in  color 
and  break  into  sandy  fragments,  the  chert  in  some  cases  becoming 
spongy.  The  rock  has  the  property  of  cementing  upon  exposure  and 
is  much  used  as  a  surfacing  material  for  roads  for  which  purpose  it 
is  admirably  adapted.  Where  it  outcrops  the  surface  of  the  ground 
becomes  covered  with  a  thick  mantle  of  gravel-like  fragments,  the 
resulting  soil  being  well  adapted  to  the  cultivation  of  orchards  and 
berries.  This  member  occupies  extensive  areas  upon  the  slopes  of 
the  mountans  upon  which  the  Oriskany  outcrops  in  Alleghany  County. 
The  thickness  of  the  Shriver  Chert  member  is  variable.  In  the  more 
westerly  localities  it  is  about  100  feet  thick.  It  thins  eastward  and 
is  absent  in  Washington  County.  The  fauna  of  this  member  is 
meager." 

This  Lower  Oriskany  or  Shriver  Chert  is  apparently  ab- 
sent in  Morgan  and  Berkeley  Counties,  though  it  is  given  in  a 
section  across  the  river  in  Maryland  from  Great  Cacapon, 
quoted  in  a  later  paragraph. 

The  Upper  Oriskany  which  is  mainly  a  sandstone  forma- 
tion was  named,  in  the  work  of  the  Maryland  Survey,  the 
Eidgely  Sandstone  from  the  town  of  Ridgely  across  the  river 
in  West  Virginia  from  Cumberland.  It  is  described  in  Mary- 
land as  a  calcareous  sandstone,  bluish-gray  in  color,  very 
tough  in  fresh  exposures,  but  on  weathering  disintegrates  and 
forms  a  sand  with  large  boulders  of  sandstone.  Its  thickness 
is  given  as  250  feet  at  the  west  and  50  feet  near  North  Moun- 
tain.    It  is  usually  very  fossiliferous. 

In  Morgan  and  Berkeley  Counties,  West  Virginia,  the  Oris- 
kany Sandstone  in  fresh  exposures  is  a  hard,  coarse-grained, 
or  granular,  white,  brownish-gray,  gray  to  bluish-gray  sand- 
stone.    In  most  of  the  exposures  it  is  more  or  less  stained  by 


222  THE  DEVONIAN    PERIOD THE  ORISKANY   AND 

HELDERBERG  FORMATIONS. 

iron  and  its  outcrop  usually  forms  a  ridge.  Near  Berkeley 
Spring's  it  is  almost  snow-white  and  quite  free  from  iron  and 
clay.  It  there  weathers  to  a  crumbly  white  sand  which  is  ex- 
tensivefy  quarried  for  glass  sand.  The  white  sand  quarries 
will  be  described  in  a  later  Chapter  of  this  Report  on  Mineral 
Resources  of  the  Area. 

The  weathered  sandstone  in  many  ledges  is  apparently 
solid  but  crumbles  in  the  hand.  The  roads  crossing  Warm 
Spring  Ridge  are  deep  in  sand,  while  cliffs  of  more  resistant 
sandstone  project  along  the  crest  of  the  ridge.  The  sandstone, 
as  followed  south  from  Berkeley  Springs  on  this  ridge,  appears 
to  contain  more  of  the  harder  ledges  than  to  the  north,  and  the 
sand  seems  to  be  more  iron-stained,  but  here  and  there  through 
the  ridge  are  pockets  of  white  sand  free  from  iron,  observed 
south  to  the  state  line.  Some  of  the  harder  ledges  contain 
vitreous  quartz  and  have  a  closer-grained  texture.  Beds  of 
white  pebble  conglomerate  occur  through  the  formation  and 
are  seen  in  the  sand  quarries  especially  in  the  first  quarry 
southwest  of  Hancock,  and  also  at  various  places  along  the 
ridge.  The  sandstone  is  full  of  fossil  casts  of  shells  typical 
of  the  Oriskany  of  Pennsylvania  and  New  York. 

On  Ferrel  Ridge  the  sandstone  is  dark  gray  in  color  due 
to  dark  particles  through  the  rock.  The  quartz  grains  have  a 
bluish  color  and  vitreous  lustre,  and  the  rock  is  finely  granular 
Further  south  on  this  ridge  the  rock  is  dark  gray,  granular, 
and  has  a  decided  vitreous  appearance,  containing  the  bluish 
quartz  grains  which  are  rounded  and  mostly  small,  though  a 
few  of  the  grains  are  one-eighth  inch  in  size.  The  rock 
weathers  to  a  light-gray  color  with  reddish-brown  Iron  spots 
through  it. 

Near  Tomahawk  the  formation  is  a  sandy  or  siliceous 
limestone,  light-gray  color,  granular,  and  sparkles  with  crys- 
tal plates  of  calcite,  and  is  full  of  fossils.  On  the  east  slope 
of  the  ridge  to  the  north  of  Tomahawk,  the  formation  is  a 
mass  of  black  and  while  Hints  with  boulders  of  sandstone 
further  west.  This  Hint  surface-,  with  the  blocks  of  flint  of 
con  iderable  size  and  very  little  tract'  of  soil  near  the  surface 
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at  least,  is  considered  as  especially  valuable  orchard  ground 
and  this  area  contains  some  very  large  and  productive 
orchards. 

West  of  Cherry  Run  in  the  Baltimore  and  Ohio  Railroad 
cut  is  a  large  outcrop  of  Helderberg  Limestone  overlain  by 
a  calcareous  sandstone  correlated  with  the  Oriskany.  The 
rock  is  grayish-brown  color  on  weathered  surfaces  full  of 
vitreous  quartz  grains  so  that  it  is  almost  like  a  quartzite.  A 
number  of  dark  streaks  through  the  rock  with  minute  flakes 
or  points  suggest  mica.     The  rock  is  sparingly  fossiliferous. 

On  Tonoloway  Ridge  there  is  an  excellent  exposure  of 
the  Oriskany  where  a  new  road  has  been  cut  through  the 
point  of  the  outcrop  about  eight  miles  south  of  Great  Cacapon 
Station.  The  rock  is  white,  granular,  and  quite  hard  in  fresh 
exposure  and  full  of  fossils.  Further  north  the  sandstone  is 
more  or  less  iron-stained  and  there  are  many  ledges  of  hard 
granular  rock.  At  a  number  of  points  along  the  ridge  the 
snow-white  sandstone  is  seen  and  apparently  quite  free  from 
impurities. 

OUTCROPS. — The  most  western  outcrop  in  this  area  is 
on  Tonoloway  Ridge  in  Morgan  County.  The  Oriskany  there 
forms  the  crest  of  the  ridge  and  the  upper  eastern  slope.  It 
extends  from  Great  Cacapon  south  in  a  narrow  belt,  400  to 
500  feet  wide,  but  eight  miles  south  of  the  town,  it  expands 
near  where  the  river  has  cut  through  the  ridge  into  a  belt  over 
2000  feet  wide.  It  forms  the  rocky  hill  of  Little  Mountain 
near  the  south  end  of  Morgan  County.  The  western  slope 
of  the  ridge  is  composed  of  Middle  Devonian  Shales,  while 
the  steep  eastern  slopes  to  the  river  expose  the  Helderberg 
Limestone  and  the  lower  formations  of  the  Silurian.  The 
sandstone  is  crushed  and  prepared  for  building  and  engine 
sand  at  a  small  plant  on  the  Maryland  side  opposite  Great 
Cacapon.  Rugged  cliffs  of  the  sandstone  tower  in  the  air 
along  the  ridge  to  the  west  of  the  river  and  they  dip  at  a  high 
angle  so  that  the  ridge  is  practically  inaccessible  from  this  side. 
Where  the  river  cuts  through  the  ridge,  the  high  white  sand- 
stone cliffs  are  well  exposed  on  the  north  side  of  the  river 
with  a  low  angle  of  dip,  and  here  typical  Oriskany  fossils  are 
abundant. 
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A  belt  of  Oriskany  Sandstone  marks  the  top  of  Warm 
Spring  Ridge  and  extends  a  short  distance  down  its  eastern 
slope.  It  is  marked  by  low  cliffs  of  persistent  rock  fairly  re- 
sistant to  weathering,  but  most  of  the  ledges  on  long  exposure 
become  crumbly  and  form  a  loose  sand.  To  the  north  the 
top  of  the  ridge  has  a  rounded  outline  and  but  few  cliffs  are 
found.  The  formation  is  well  exposed  by  the  various  cross- 
ioads.  A  good  exposure  is  also  found  at  Rock  Gap,  eight 
miles  south  of  Berkeley  Springs  where  it  forms  an  apparently 
solid  wall  sloping  at  a  high  angle  to  the  east  valley,  but  when 
struck  with  the  hammer  it  is  found  to  be  soft  and  crumbly.-  it 
being  almost  impossible  to  secure  a  solid  hand  specimen  of  the 
rock.  The  width  of  this  outcrop  is  800  to  900  feet.  From 
Berkeley  Springs  north  the  sandstone  is  very  white  and  free 
from  iron.  In  it  occur  a  number  of  large  pockets  of  loose 
white  sand,  and  in  this  area  is  a  large  and  prosperous  glass 
sand  industry. 

The  outcrop  narrows  northward  and  decreases  in  thick- 
ness. It  reaches  the  Potomac  one  mile  northwest  of  Han- 
cock Station  were  it  is  only  a  few  feet  thick.  The  conglom- 
erate in  this  area  is  composed  of  small  or  large  white  pebbles 
imbedded  in  a  loose  white  sand  matrix  which  crumbles  to  a 
gravel.  In  the  southern  part  of  Morgan  County,  the  Oriskany 
is  225  feet  thick,  and  over  400  feet  near  Berkeley  Springs. 

A  small  outcrop  of  Oriskany  is  exposed  in  the  railroad 
cut  west  of  Cherry  Run  Station.  It  has  a  shallow  thickness 
on  the  Helderberg  anticlinal  fold  here  and  extends  only  a 
short  distance  south. 

Ferrel  Ridge  west  of  North  Mountain  in  Berkeley  County 
is  flanked  on  the  west  side  by  a  narrow  belt  of  Oriskany 
which  here  is  a  dark-  to  light-gray  sandstone  hard  and  resis- 
tant to  weathering.  It  enlarges  to  the  north  end  of  the  ridge 
covering  the  lower  slope  to  the  run  level  and  well  up  on  the 
ridge.  It  follows  the  east  side  of  the  ridge  in  a  broad  belt 
with  a  faulted  narrow  /.one  extending  southward  past  Toma- 
hawk. The  sandstone  on  the  east  slope  contains  a  consider- 
able quantity  of  chert  or  Bint  blocks  which  cover  the  ground 
on  the  terrace  ridge  north  of  Tomahawk.    Near  this  town  the 
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upper  portion  of  the  Oriskany  is  a  gray  hard  siliceous  lime- 
stone, very  fossiliferous,  while  the  lower  part  is  a  sandstone. 

A  very  narrow  belt  of  Oriskany  follows  the  west  slope  of 
North  Mountain  nearly  to  the  Potomac  River.  It  is  iron- 
stained  and  is  a  blocky  resistant  sandstone  but  its  outcrop  is 
somewhat  concealed  by  debris  and  it  is  difficult  to  measure 
its  width  or  thickness. 

The  character  of  the  Oriskany  Formation  in  the  western 
outcrop  is  shown  in  the  following  section  made  by  Stose  and 
Ulrich  in  Maryland  opposite  Great  Cacapon  Station  and  given 
in  the  Maryland  Survey  Report  on  the  Lower  Devonian 
(p.  187) : 

Section  of  Oriskany  Opposite  Great  Cacapon 
(Stose  and  Ulrich). 

Onondaga  black  and  drab  shale. 

Oriskany  Formation,  Ridgely  Member.                                             Feet. 
Soft,  porous,  brown  fossiliferous  sandstone,  some  beds  a 
fine    dark    vitreous    quartz    conglomerate.     Very    fos- 
siliferous layer  at  base 40 

Massive    beds,    10-20    feet    thick,    of    white    fossiliferous 

quartzose    sandstone 85 

Softer,    thinner-bedded,    fossiliferous    sandstone    weather- 
ing   yellowish 90 

Hard,    quartzose    sandstone 2 

Soft,   thin-bedded,   yellowish    sandstone.     Few    fossils....     45 
Covered.     Soft   sandstone    debris 140 

402 
Shriver  Chert  Member. 

Yellow,  probably  calcareous,  fossiliferous  shale  with  much 

chert,    containing    Oriskany    fossils 15 

Total  thickness   of   Oriskany 417 

Helderberg  Formation. 

This  section  is  interesting  in  showing  the  presence  of  the 
Lower  Oriskany  or  Shriver  Chert  Member,  and  it  is  regarded 
by  the  authors  as  the  most  eastern  outcrop  of  this  member, 
which  is  not  found  in  the  Morgan  or  Berkeley  Counties  sec- 
tions. 

Stose  gives  the  following  section  of  the  Oriskany  near 
Tomahawk,  West  Virginia  (Pawpaw-Hancock  Folio,  p.  69). 
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Section  of  Oriskany  at  Tomahawk  (Stose). 

Romney   Shale. 

Oriskany  Formation.  Feet. 

Massive  calcareous  white  sandstone  containing 
numerous  specimens  Spirifer  arenosus.  Hard 
blue  siliceous  limestone  with  black  flint  below, 

very    f ossiliferous 45 

Chiefly  f ossiliferous  limestone  and  black  flint 16 

Hard  granular  sandstone  with  white  quartz  con- 
glomerate  at    top 3 

Concealed.     Thick  beds  of  limestone  in  part 41 

Chiefly  hard  siliceous  fossiliferous  limestone,  weath- 
ering to  sandstone  and  chert 75 

Siliceous    gray    limestone    with    interbedded    black 

flint,  and  thin  fossiliferous  limestone 33     213 

Concealed.     Probably  Helderberg. 

Stose  gives  the  following  list  of  typical  Oriskany  fossils 
collected  in  the  area  of  the  Pawpaw-Hancock  Folio  (p.  72) 
as  identified  by  Ulrich  : 

Orbiculoidea    sp.    undet.  Leptocoelia  flabellites. 

Rhipidomella  musculosa.  Meristella  lata. 

Hipparionvx  proximus    ?  Camarotoechia  barrandei. 

Stropheodonta  lincklacni.  .Rensselaeria  ovoides. 

Stropheodonta  magnified.  Mcgalanteris  ovalis? 

Chonctcs  cf.  cumplanata.  Megambonia  bcllistriata. 

Spirifer  arenosus.  Avicula  textilis  var.  arenaria. 

Spirifer  cumberlandiae.  Platyceras  gebhardti. 

Spirifer  hartleyi.  Piatyostoma  ventrieosum. 

Spirifer  murchisoni   (drrectus) .  Tentaculites  cf.  elongatus. 

Spirifer  tribulis.  Bryosoa     (several    unpublished 
Anoplia  nnclcata.  species). 

THE  HELDERBERG  FORMATION. 


The  Helderberg  Formation  has  usually  been  included 
with  the  Silurian  Group  and  it  is  so  given  in  most  text-books 
on  Geology.  The  work  of  John  M.  Clarke  and  Schuchert 
appears  to  have  proved  that  the  Helderberg  fauna  as  preserved 
in  fossil  state  is  more  closely  connected  with  the  Devonian 
than  with  the  Silurian,  so  that  this  formation  is  now  made  the 
base  of  the  Devonian. 

Schuchert  from  a  comparative  study  of  the  fossils  of  the 
Helderberg  from  New  York  across  Pennsylvania  into  Mary- 
land and  West  Virginia  reached  the  following  conclusion  :l 
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"Prom  the  foregoing  summary  of  the  Helderbergian  fauna  it  is 
evident  that  most  of  the  characteristic  Siluric  genera  of  trilobites, 
brachiopods,  and  crinoids  are  there  absent.  This  might  be  expected, 
for,  as  has  been  seen  in  the  previous  Chapter,  about  two  per  cent,  of 
the  Helderbergian  fauna  are  derived  from  the  Siluric.  On  the  other 
hand,  in  some  of  the  trilobites,  Bryozoa,  and  pelecypods,  many  of 
the  gastropods,  but  more  particularly  in  the  diversified  brachiopods, 
are  met  organic  groups,  which  in  their  culmination  are  characteristic 
of  the  Devonic.  It  can  not  be  denied  that  the  Helderbergian  fauna 
has  a  Siluric  facies,  yet  these  types  either  have  greater  differentiation 
in  species  or  the  form  attains  a  larger  size.  The  fact  that  nine  per 
cent,  of  the  Helderbergian  fauna  pass  into  a  generally  accepted  De- 
vonic horizon,  the  Oriskany,  outweighs  the  evidence  of  a  Siluric 
facies  and  specific  derivatives.  The  writer  therefore  concludes  that 
the  Helderbergian  has  a  fauna  unlike  the  Siluric,  but  one  in  har- 
mony with  the  Devonic  and  its  position  nekr  the  base  of  that  system." 

At  the  present  time  there  seems  to  be  little  doubt  that 
the  proper  place  for  the  Helderberg  Formation  is  in  the 
Devonian  period.  The  detailed  work  of  Mr.  Schuchert  on  the 
fauna  of  this  formation,  which  is  discussed  very  fully  in  the 
paper  above  quoted  and  which  leads  him  to  the  conclusion 
above  given,  seems  to  clearly  establish  this  correlation  and  it 
has  been  generally  accepted. 

In  some  of  the  early  folios  of  the  United  States  Geological 
Survey,  the  limestone  formations  below  the  Oriskany  Sand- 
stone, including  the  Helderberg  and  Silurian  Limestones, 
were  named  the  Lewiston,  but  the  term  has  since  been  aban- 
doned. The  Helderberg  in  New  York  has  a  thickness  of 
about  400  feet,  and  it  extends  southwest  across  Pennsylvania 
where  it  was  early  known  as  Formation  VI,  across  Maryland 
and  West  Virginia  into  Tennessee.  Its  best  stratigraphic 
development,  according  to  Schuchert,  is  in  western  Maryland 
in  the  Cumberland  area. 

In  Huntingdon  County,  Pennsylvania,  Dr.  I.  C.  White 
found  the  thickness  of  the  Helderberg  Formation  to  be  300 
to  400  feet  and  he  recognized  the  following  groups  (Final 
Report,  Vol.  2,  p.  991)  : 

"An  Upper  Division — -consisting  of  impure  and  shaly  limestone 
and  containing  a  25-foot  massive  layer  with  Stromatopora  fos- 
sils     133  feet 

"A  Middle  Division — dark  blue  massive  limestone,  not  fossilifer- 
ous  and  containing  mostly  good  limestone  beds 90  feet 

"A  Lower  Division — of  shaly  impure  limestone 170   feet." 
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In  Bedford  and  Fulton  Counties,  the  thickness  reached 
1247  feet. 

The  New  York  classification  of  the  Helderberg  as  given 
by  Clarke  and  Schuchert  (Bull.  Geol.  Soc,  Vol.  11,  p.  269)  is 
as  follows : 

Kingston  Beds  (=Upper  Shaly  Limestone). 
Becraft  Limestone   (=TJpper  Pentamerus  Limestone). 
New  Scotland  Beds   (=Delthyris  Shaly  Limestone). 
Coeymans  Limestone    (=Lower   Pentamerus   Limestone). 

In  the  work  of  the  Maryland  Geological  Survey  on  the 
Lower  Devonian  (p.  85),  the  Helderberg  was  separated  into 
four  divisions  as  follows  from  the  base  upward: 

Keyser  Member. 
Coeymans   Member. 
New    Scotland    Member. 
Becraft  Member. 

The  three  upper  divisions  in  Maryland  are  correlated  with 
the  same  named  divisions  in  the  New  York  column  above, 
but  the  correlation  of  the  lowest  division,  the  Keyser,  is  still 
a  subject  of  discussion  among  authorities.  According  to 
Swartz,  it  is  equivalent  to  the  New  Jersey  beds  known  as  the 
Deckers  Ferry  (of  I.  C.  White),  Rondout,  and  Manlius,  equiv- 
alent in  New  York  to  the  Cobleskill,  Rondout,  and  Manlius 
which  were  referred  by  Weller  and  also  by  Hartnagel  to  the 
Silurian  system.  Ulrich,  from  his  studies,  regarded  the  Man- 
lius as  composed  of  several  units  with  the  typical  Manlius  at 
the  base  and  the  Cobleskill  and  Rondout  above.  He  placed  the 
Manlius  as  thus  defined  in  the  Silurian  and  the  other  two 
groups  in  the  Devonian.  In  the  Maryland  Survey  work,  the 
Keyser  Member  was  regarded  as  Helderberg  even  though  as 
Swartz  states  the  majority  of  its  species  were  of  Silurian  type, 
and  it  is  regarded  as  transitional  between  the  Silurian  and 
Devonian. 

The  following  discussion  of  the  four  subdivisions  of  the 
Helderberg  recognized  in  Maryland  is  based  upon  the  Mary- 
land Geological  Survey  Report  on  the  Lower  Devonian. 

The  Keyser  Member  was  named  from  the  good  exposures 
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in  the  ballast  quarry  near  Keyser,  West  Virginia,  and  has  as 
its  characteristic  fossil  the  Spirifer  modestus.  It  is  described 
as  follows  in  the  Maryland  Report  (p.  85)  : 

"The  Keyser  forms  the  major  part  of  the  Helderberg  of  Maryland. 
The  lower  beds  are  very  nodular,  while  the  upper  beds  are  more 
shaly.  Massive  ledges  of  corals  and  stromatoporoids  are  present  at 
several  horizons,  being  especially  prominent  in  the  upper  more  shaly 
beds  in  the  Cumberland  area.  A  few  strata  contain  chert.  West  of 
Hancock,  the  thickness  varies  from  270  to  290  feet.  Its  precise  thick- 
ness has  not  been  ascertained  east  of  that  place.  The  Keyser  con- 
tains a  rich  coral  and  brachiopod  fauna  ....  The  lower  limit 
of  the  Keyser  member  is  well  denned  by  a  marked  change  in  the 
character  of  the  sediments,  the  rather  massive  and  very  nodular  lime- 
stone of  the  lower  beds  of  this  member  contrasting  strongly  with 
the  platy,  fissile,  thin-bedded  limestone  of  the  underlying  Tnnoloway." 

The  Coeymans  Member  is  described  as  a  massive  blue 
crystalline  limestone  commonly  crinoidal  and  with  a  small 
amount  of  chert.  Its  thickness  is  only  8  to  13  feet,  and  is 
very  fossiliferous,  its  characteristic  fossil  being  Gypidula  coey- 
manensis. 

The  boundary  between  the  Coeymans  and  Keyser  is  de- 
scribed as  being  sharpty  defined  both  in  its  lithology  and  fauna, 
and  its  character  is  given  as  follows  in  the  Maryland  Report 
(p.  86)  : 

"The  upper  beds  of  the  Keyser  are  thin-bedded  and  many  strata 
appear  banded,  consisting  of  thin  gray  laminae  which  contain  few 
fossils.  The  lower  beds  of  the  Coeymans  present  a  marked  contrast, 
being  massive,  blue,  crystalline  and  highly  fossiliferous.  The  base 
of  this  member  often  contains  limestone  pebbles  while  the  line  of 
contact  with  the  Keyser  Member  is  usually  somewhat  sinuous." 

In  the  same  Report  is  the  following  description  of  the 
New  Scotland  Member  (p.  87)  : 

"The  New  Scotland  of  Maryland  comprises  two  divisions.  The 
lower  beds  consist  of  courses  of  limestone,  usually  4  to  8  inches  thick, 
containing  numerous  layers  of  white  chert,  which  replace  the  lime- 
stone and  form  in  many  cases  the  larger  part  of  the  whole  . 
The  upper  beds  of  the  New  Scotland  Member  consist  of  soft,  drab, 
fissile  shale  which  contains  but  little  calcareous  material.  The  shale 
is  seldom  exposed,  but  its  position  is  usually  indicated  by  a  slight 
depression  visible  upon  the  summit  of  the  ridge  between  the  Oriskany 
and  New  Scotland  cherts.     This  shale  is  absent  in  the  Hancock  area." 
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The  Becraft  division  was  in  the  early  New  York  geology 
called  the  Upper  Pentamerus  Limestone  and  also  the  Encrinal 
Limestone,  while  the  Coeymans  was  the  Lower  Pentamerus, 
and  received  its  present  name  from  Becraft  Mountain  in 
Columbia  County,  New  York,  where  it  was  named  by  Darton. 

In  Maryland  it  is  described  as  a  gray  sandy  limestone, 
containing  much  black  chert,  and  there  is  found  only  in 
Washington  County  where  it  is  about  85  feet  in  thickness. 
Its  typical  fossil  is  Rensselaeria  subglobosa.  "The  upper  limit 
of  the  New  Scotland  is  shown  by  the  transition  from  the  New 
Scotland  white  chert  with  a  little  interbedded  limestone,  to  the 
Becraft  Limestone  carrying  a  smaller  amount  of  black  chert." 

The  Helderberg  Limestone  outcrops  in  several  belts  in 
Morgan  and  Berkeley  Counties,  West  Virginia.  It  is  usually 
a  light  to  dark  bluish-gray  granular  limestone,  often  showing- 
streaks  and  plates  of  calcite  which  in  some  cases  become  so 
numerous  that  the  rock  is  a  sparkling  crystalline  mass.  It 
is  usually  very  fossiliferous.  In  some  exposures  it  is  a  hard 
compact  dark-gray  almost  black  rock  with  few  fossils. 

On  the  ridge  back  of  Berkeley  Springs,  it  is  a  dark-gray 
very  coarse-grained  limestone  breaking  along  smooth  planes 
and  with  very  few  fossils.  Further  north  on  this  ridge  it 
changes  to  a  gray  hard  limestone  which  breaks  irregularly  and 
carries  some  fossils,  its  upper  portion  containing  a  consid- 
erable quantity  of  white  flint. 

On  Ferrel  Ridge,  the  limestone  is  dark-  or  bluish-gray, 
carrying  black  flint  and  full  of  fossils.  Its  lower  ledges  here 
carry  fossil  corals  and  crinoid  joints  but  few  other  fossils  and 
the  rock  is  dark  in  color.  Near  Tomahawk  some  of  the  ledges 
are  quite  siliceous  and  others  show  a  cobbly  outcrop  which 
is  characteristic  of  many  of  the  other  outcrops.  The  lime- 
stone usually  occurs  in  massive  ledges  broken  by  well-defined 
joint-planes.  It  is  quarried  for  road  purposes  on  a  small  scale 
back  of  Berkeley  Springs  and  near  Tomahawk  as  well  as  at  a 
number  of  small  roadside  quarries.  It  is  burned  for  lime 
north  of  Jones  Spring. 

OUTCROPS. — The  Helderberg  Limestone  is  found  in 
a  long  narrow  belt  just  west  of  the  Oriskany  outcrop  on  the 
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east  slope  of  Tonoloway  Ridge  in  Morgan  County  extending 
north  to  the  river  at  Great  Cacapon  and  is  less  than  300  feet 
wide.  This  outcrop  from  the  character  of  the  rock  in  its 
massive  form  and  its  cobbly  weathering  and  resting  on  the 
Tonoloway  Limestone  suggests  its  correlation  with  the 
Keyser  Member  of  the  Helderberg.  Its  thickness  in  Mary- 
land across  the  river  from  Great  Cacapon  is  given  by  Swartz 
in  the  Maryland  Survey  Report  as  293  feet. 

A  belt  of  Helderberg  Limestone  follows  the  west  upper 
slope  of  Warm  Spring  Ridge  between  the  Oriskany  at  the  top 
cf  the  ridge  and  the  Tonoloway  below.  This  belt  is  about 
500  feet  wide  and  is  probably  mostly  in  the  Keyser  division. 
It  reaches  the  Potomac  about  a  mile  southwest  of  Hancock 
Station  where  it  is  exposed  in  the  railroad  cut  for  some  dis- 
tance. 

A  small  outcrop  is  seen  about  three-fourths  mile  north- 
west of  Cherry  Run  Station  and  extends  about  a  half  mile 
south  across  the  county  road.  It  is  a  hard  bluish-gray  granu- 
lar limestone  with  fossils  and  it  is  described  by  Schuchert  in 
the  Maryland  Report  (p.  179)  as  including  the  Becraft  and 
New  Scotland  divisions  of  the  Helderberg. 

An  outcrop  of  Helderberg  Limestone  follows  around 
Ferrel  Ridge,  forming  a  long  narrow  belt  on  the  west  side  and 
a  broader  faulted  belt  on  the  east  side,  passing  south  about  a 
quarter  mile  west  of  Tomahawk.  It  apparently  includes 
Becraft  and  New  Scotland  fauna.  The  formation  is  not  found 
along  North  Mountain  although  the  Oriskany  outcrops  along 
the  west  slope.  A  small  mass  of  Helderberg  is  found  at  the 
east  end  of  the  Baltimore  and  Ohio  Railroad  cut  north  of 
North  Mountain  Station.  It  lies  between  the  Martinsburg 
and  Devonian  Shale  contact  on  the  west  side  of  the  cut.  It 
is  full  of  fossils  and  is  probably  the  Becraft  Member. 

The  following  section  of  the  Helderberg  was  measured 
by  the  Maryland  geologists  opposite  Great  Cacapon.  Swartz 
states  that  this  is  the  best  section  of  the  Lower  Devonian  ex- 
posed east  of  Cumberland  (p.  162)  : 
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Section  of  Helderberg  Opposite  Great  Cacapon 
(Md.  Geol.  Survey). 
Helderberg   Formation. 

New  Scotland  Member.  Feet. 

Residual  clay  after  limestone  filled  with  white  blocky 

chert  with  numerous  fossils 12 

Coeymans  Member. 

Hard,    blue-gray,    mottled    and    fine    black-speckled 

limestone,  full  of  fossil  fragments 8.5 

Keyser  Member. 

Somewhat  lamellar  limestone  with  argillaceous  and 
purer,  fossiliferous,  subcrystalline  bands  Li- 
oclema  subramosum  and  Strophonella   sp 66 

Coarsely  cobbly  to  irregular  lamellar  impure  lime- 
stone with  purer  fossiliferous  bands 26 

Very  shaly  platy  limestone  full  of  Tentaculites  gyra- 
canthus,  Meristella,  bryozoa,  etc 3 

Shaly  cobbly  limestone  solid  when  fresh,  fossils....     7 

Very  shaly  cobbly  limestone  with  fossils 2.5 

Dark  gray-blue  limestone  coarsely  cobbly  with  fos- 
sils       10 

Cobbly  limestone  with  surface  full  of  Tentaculites 
gyracanthus  and  other  fossils 2 

Cobbly  limestone  containing  reefs  of  Stromatoporoids 
also  other  fossils 2 

Coarse  cobbly  argillaceous  limestone  with  fossils..     3 

Cobbly  limestone.  Lcptaena  abundant  throughout, 
also  other  fossils 14 

Rather  shaly  cobbly  limestone,  with  variety  of  fossils  12 

Massive   cobbly   limestone  with   fossils 4 

Somewhat  shaly  limestone  breaking  into  irregular 
laminae  with  fossils 6 

Single  layer  of  finely  cobbly  limestone,  basal  part 
bored    by    worm-tubes.     Fossils 24 

Somewhat  clayey  finely  cobbly  limestone 2.8 

Slabby  crinoidal  limestone  containing  some  corals.     1 

Finely  cobbly  limestone,  massive  when  fresh,  but 
breaking  up  on  weathering  into  irregular  pieces 
and  cobble.  Small  reef  of  Stromatoporoids  and 
Pavositcs  near  top  and  a  thicker  one  near  base  21 

Subcrystalline  limestone,  banded  with  thin  clay 
seams.     Contains   fossil   fragments 5 

Subcrystalline  limestone,  irregularly  bedded  with 
thin  clay  seams  and  containing  large  crinoid  col- 
umns.    Other    fossils 5 

Thick-bedded,   subcrystalline   limestone   with   fossils     7 

Finely  cobbly  limestone  with  Favositcs  and  massive 

bryozoa  and  other  fossils 6.5 

Thin  slabby  and  shaly  limestone,  argillite  in  part, 
fossils   4 

Massive    dark-blue    limestone    with    Favosites    near 

base    13.6 

Massive   dark-blue    noduhir   limestone 1!) 

Thin-bedded    dark-blue    limestone    with    fossils 21.2 
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Feet. 

Thin-bedded  dark-blue  limestone  weathering  nodu- 
lar, Rhynchospira  globosa  var.  abundant 8.8 

Thin-bedded  dark-blue  limestone  weathering  nodu- 
lar.    At  base  occurs  Chonetes  jerseyensis 6.6 

Thin-bedded  nodular  blue  limestone  carrying  crinoid 

fragments   and    other   fossils 19 . 6 

Concealed,  with  occasional  outcrops  of  thin-bedded 
nodular    limestone 10 


Total  thickness 293.1 

Thickness  of  Keyser  Member 272.6 

A  section  which  shows  good  exposures  of  the  upper 
members  of  the  Helderberg  was  measured  at  the  outcrop 
three-fourths  mile  northwest  of  Cherry  Run  in  Morgan 
County.  This  section  was  measured  by  Professor  Schuchert 
and  is  quoted  from  the  Maryland  Survey  Report  on  the  Lower 
Devonian  (p.  179)  : 

Section  of  Helderberg  West  of  Cherry  Run,  Morgan  County 

(Schuchert). 

Oriskany  Formation,  light-gray  limestone. .  .10  Feet.         Feet. 
Helderberg   Formation. 
Becraft   Member. 

Dark-blue  arenaceous  limestone  with  lumps  of 
black  chert.  The  fauna  is  most  abundant  in 
the  upper  half.  Rensselaeria  subglobosa,  An- 
oplotheca  flabellites,  Spirifer  cyclopterns,  S. 
concinnus,  Cyrtina  rostrata,  Eatonia  medialis,  B. 
peculiaris,    Uncinulus   vellicatus,    Rhipidomella 

assimilis    85 

New  Scotland  Member. 

Gray  heavy-bedded  limestone  with  chert,  mostly 
covered    50 

Light-gray  cherty  limestone,  Spirifer  macro pleurus, 
S.  cyclopterus,  S.  perlamellosus,  Trematospira 
eqnistriata,  Anoplotheca  concava,  A.  flabellites, 
Rhipidomella  oblata,  Dalinanella  perelegans,  D. 
eminens,  Streptelasmaf,  Atrypina  imbricata,, 
Eatonia  singularisf,  Leptaena  rhomboidalis,  Un- 
cinulus vellicatus,  Camarotoechia  altiplicata-  ■ . .   15 

Thickness  of  New  Scotland  Member 65 

Total    thickness 160 

Stose  in  the  Pawpaw-Hancock  Folio  (p.  57)  gives  the 
following  section  of  the  Helderberg  near  Tomahawk  in  Berke- 
ley County: 
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Section  of  Helderberg  Near  Tomahawk,  Berkeley  County 

(Stose). 

Oriskany  Formation.  Feet. 

Helderberg    Forma'tion. 

Largely  concealed.     Some  dark  fine-grained  limestone 

exposed.     Contains  Becraft  fauna 90 

Calcareous  sandstone  with  shales  below 13 

Thick-bedded  massive  limestone  with  large  Spirifer 
macroplcura  and  numerous  shells  of  New  Scot- 
land   fauna 79 

Banded  light-gray  calcareous  sandstone 10 

Thick-bedded  coarse  limestone  with  wavy  parting, 
weathering   cobbly   and   containing   Bryosoa   and 

shells  of  Coeymans  type 22 

Largely  concealed.  Shale  at  base,  dense  limestone 
above,   and   loose   fragments   of  a   2-foot  bed   of 

coarse  sandstone  20  feet  below  the  top 84 

Chiefly  cobbly  limestone  with  some  thin-bedded  and 

shaly    limestones 32 

Shale  with  6-inch  bed  of  black  chert 6 

Massive  coarse  granular  limestone  with  Favosites-  ••  •     2 
Massive  cobbly  limestone  with  numerous  Favosites  in 

lower  part 25 

Dark  siliceous  limestone 1 

Crystalline,    rough-bedded    limestone,    coarse-grained 

above,  with  Favosites  and  crinoid  stems 16     380 

Tonoloway  laminated  drab  limestone. 

The  thickness  of  the  Helderberg  in  this  area  according 
to  the  above  sections  is  160  to  380  feet. 

In  connection  with  the  Stose  Folio  Report  on  the 
Pawpaw-Hancock  Area,  Mr.  Ulrich  made  a  very  detailed 
study  of  the  fossil  fauna  of  the  Helderberg  of  that  locality  and 
the  following  results  of  this  study  are  given  by  Stose  in  the 
above  Report : 

"In  the  Potomac  Valley,  between  North  Mountain  on  the  east  and 
Keyser,  W.  Va.,  on  the  west,  the  Helderberg  Formation  presents  four 
broadly  conceived  faunal  zones.  The  three  upper  zones — those  con- 
taining the  Coeymans,  New  Scotland,  and  Becraft  faunas — are  well 
known  as  formations  of  the  Helderberg  group  in  New  York  and  New 
Jersey.  The  lowest  faunal  zone  is  the  most  persistent  and  also  the 
most  important  zone  of  the  formation  as  developed  in  areas  near 
the  Potomac  in  West  Virginia,  Maryland,  and  southern  Pennsylvania. 
This  zone  is  excellently  exposed  both  in  fresh  quarry  cuts  and  in 
weathered  outcrops  at  Keyser,  W.  Va.  It  is  partly  represented  in 
New  York  by  certain  beds  which  have  hitherto  been  erroneously 
Identified  with  Che  'Tentaculite'  or  Manlius  limestone,  but  no  appro- 
priate  name   has   been   applied   to  it. 
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"At  no  single  locality  are  all  these  four  zones  fully  developed 
and  at  most  places  one  or  another  is  entirely  absent.  The  lower 
third  or  so  of  the  lowest  zone  at  Keyser  seems  altogether  wanting 
east  of  Hancock,  while  the  Becraft  fauna  is  unknown  west  of  that 
town.  The  Coeymans  fauna,  though  generally  recognizable,  is  irregu- 
lar in  its  occurrence  and  possibly  locally  absent.  It  may  be  absent, 
for  instance,  in  the  Great  Cacapon  section,  though  it  is  probably  rep- 
resented in  the  8%-foot  bed  near  the  top  (bed  26  in  the  section). 
The  New  Scotland  fauna  is  perhaps  everywhere  present,  but  the  zone 
containing  it  varies  greatly  in  thickness.  At  Great  Cacapon,  wnere 
the  zone  forms  the  top  of  the  formation,  it  is  but  12  feet  thick;  at 
Tomahawk  and  near  Warren  Point,  in  the  eastern  part  of  the  area, 
the  zone  is  60  to  90  feet  thick;  between  Cumberland  and  Keyser  its 
thickness  varies  between  25  and  65  feet.  As  has  been  stated  the 
lower  zone  at  Keyser  also  varies  from  place  to  place,  but  so  far  as 
known  in  Maryland,  its  thickness  seems  never  to  fall  under  100  feet. 
At  Tomahawk  about  150  feet  of  beds  are  referred  to  it,  at  Great  Ca- 
capon 262  feet,  at  the  Devils  Backbone,  near  Cumberland,  about  280 
feet,  and  in  the  Keyser  quarries  about  290  feet.  Finally,  it  should 
be  stated  that  no  beds  were  observed  in  Maryland  corresponding  to 
the  Port  Ewen  limestone,  the  uppermost  formation  of  the  Helderberg 
group  in  New  York. 

"Although  each  of  the  three  upper  zones  is  practically  indivisible 
on  faunal  grounds,  the  relatively  thick  zone  at  the  base  of  the  forma- 
tion may  be  divided  into  at  least  three  subzones.  These  are  easily 
distinguished  by  fossils  confined  to  the  several  subdivisions  or  by 
diagnostic  associations  of  species.  The  lowest  of  these  subzones  is 
commonly  absent,  but  is  well  developed  in  the  vicinity  of  Hancock 
and  Great  Cacapon,  where  it  comprises  beds  1  to  4,  aggregating  about 
92  feet  of  limestone.  To  the  west  it  is  well  exposed  at  the  base  of  the 
Helderberg  in  the  railroad  cut  at  Potomac,  Md.,  and  in  the  quarry  at 
Keyser,  W.  Va.  A  fauna  including  Cyphotrypa  rotundata.  Schucher- 
tella  deckerensis,  Chonetes  jerseyensis,  Spirifer  eriensis,  Rhynchonella 
titchfieldensis,  and  Leperditia  gigantea,  or  any  four  of  these  species, 
may  be  confidently  accepted  as  indicating  this  subzone. 

"The  second  of  these  subzones,  though  generally  present,  varies 
greatly  in  thickness.  At  Potomac  only  its  uppermost  part  was  rec- 
ognized, but  at  other  localities  between  Hancock  and  Keyser  lower 
beds  are  intercalated  which  bring  the  total  thickness  of  the  subzone 
from  50  feet  up  to  nearly  100  feet.  The  top  consists  of  a  very  persis- 
tent and  usually  massive  bed  that  is  recognized  at  once,  especially 
in  the  sections  west  of  the  Hancock  quadrangle,  by  the  abundant 
valves  of  a  small  variety  of  Gypidula  galeata  that  it  contains.  The 
lower  beds  also  contain  widely  recognizable  fossil  horizons.  One 
of  these  lies  from  30  to  50  feet  beneath  the  Gypidula  bed  and  is  nota- 
ble for  its  abundant  remains  of  numerous  cystids  and  crinoids  that 
have  been  seen  only  in  this  part  of  the  section.  '  Though  highly 
fossiliferous  chiefly  to  the  west  of  Cumberland,  the  cystid  bed  has 
been  noted  to  the  east  also  as  far  as  Hancock.  Camarocrinus  stella- 
tus  is  confined  to  a  layer  between  the  cystid  and  Gypidula  beds.  In 
the  vicinity  of  Great  Cacapon  a  small  Stromatopora  and  Favosites 
reef  holds  a  simlar  position  and  helps  in  locating  the  more  important 
adjacent  fossil  horizons. 

"Although  more  subzones  were  indicated  in  the  field,  it  seems 
inadvisable  in  the  present  state  of  our  knowledge  to  attempt  a  fur- 
ther subdivision  of  the  remainder  of  the  zone.  However,  there  are  at 
least  three  and  probably  four  fossil  horizons  above  the  Gypidula  bed 
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that  may  be  said  to  be  generally  recognizable.  The  lowest  of  these 
lies  directly  above  the  Gypidula  bed  and  is  usually  a  shaly  limestone 
containing  many  Bryosoa  of  wnich  a  species  of  Petalotrypa  is  the  best 
for  purposes  of  identifying  the  bed.  Large  specimens  of  Chonetes 
jerseyensis  though  unknown  in  the  underlying  subzone,  are  not  in- 
frequently found  in  this  bed.  The  corresponding  horizon  in  the 
Great  Cacapon  section  was  not  positively  recognized,  but  it  is  thought 
to  belong  between  the  base  of  bed  13  and  the  top  of  bed  16. 

"The  Petalotrypa  bed  is  everywhere  succeeded  by  a  more  or  less 
well-developed  Stromatopora  reef  which  usually  forms  a  single  mas- 
sive ledge.  Over  this  reef  is  a  third  widely  distinguishable  horizon, 
in  places  shaly,  that  commonly  contains  such  diagnostic  fossils  as 
Bcachia  n.  sp.,  Rensselaeria  mutabilis  var.,  and  a  new  variety  of 
Spirifer  vanuxemi.  A  late  mutation  of  Tenaculites  gyracanthus  oc- 
curs very  plentifully  and  as  it  seems  to  be  confined  to  this  bed  and 
the  genus  is  rare  or  absent  in  the  other  subzones,  it  is  of  considerable 
value  in  correlating  the  beds  of  the  Helderburg  limestone  in  Mary- 
land. Locally  this  Tentaculites  bed  includes  or  is  followed  by  an- 
other Stromatopora  bed. 

"Finally,  a  still  higher  bed,  containing  few  fossils  except  a  late 
form  of  Leperditia  alta,  appears  in  the  vicinity  of  Cumberland  and  at 
Keyser.  This  bed  has  not  been  recognized  in  the  Great  Cacapon 
section,  in  which,  moreover,  the  upper  part  of  the  zone — the  beds 
above  the  main  Stromatopora  reef — is  thinner  than  in  the  more  west- 
ern  sections  mentioned.  In  view  of  these  facts  it  seems  probable  that 
shallowing  and  partial  withdrawal  of  the  sea  took  place  before  the 
more  extensive  withdrawals  and  temporary  land  conditions  indicated 
by  physical  criteria  at  the  end  of  the  lower  faunal  zone  and  again  at 
the  end  of  the  zone  containing  the  Coeymans  fauna. 

"Comparisons  with  formations  in  New  York  and  New  Jersey  are 
appended  to  each  of  the  following  lists  of  partially  identified  fossils 
collected  from  the  faunal  zones  of  the  Helderberg  limestone  in  Mary- 
land. The  species  thought  to  be  diagnostic  of  the  respective  zones 
are  distinguished  by  an  asterisk. 

"Lovyest    fauna    in    the    Helderberg    limestone,    procured    chiefly    from 
beds   1  to  4  of  the  section  opposite  Great  Cacapon. 

Diphyphyllum  integumcntum.  Rhynchonella  formosa. 
*Cvphotrypa  n.  sp.  Rhynchonella  litchfieldensis. 

Trematopora  sp.  under.  Rhynchonella?  lamcllata. 

Pholidops  ovata?  Uncinulus  mutabilis. 

Stropheodonta   bipartite.  Tentaculites  gyracanthus. 
*Schuchcrtella  deckerensis.  Leperditia  altoides. 

*CIwnetes   jerseyensis.  ^Leperditia  gigantea. 

Spirit', ■)■  vanuxemi.  *Beyrichia  n.  sp. 

Spirifer  eriensis.  Kloedenia   barretti. 

Whitfieldella  nucleolata.  Kloedenia  sussexensis. 

Rhynchospira  globosa.  Klocdenella  clarkei. 

"Thii  !.'hii.,'i  [s  regarded  as  Indicating  the  time  of  ihe  lower  and 
middle  beds  of  the  Decker  limestone  In  the  Delaware  Valley  In  uorth- 
v..  tern  .\<w  Jersey  and  northeastern  Pennsylvania.  Locally,  as  at 
Potomac,  m<i.,  a  higher  coral  zone  is  developed  thai  is  thought  to  cor- 
respond  to  the  upper  coral-hearing  beds  of  the  Decker  limestone  as 
de  crlbed  i>\  Weller  In  New  Jersey.    This  upper  subdivision  is  marked 
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by  Cladopora  rectilineata,.  the  slender  branching  coralla  of  which 
occur  in  great  abundance  at  Potomac.  It  is  of  sufficient  interest  to 
repeat  here  that  the  coral  zone  at  this  locality  is  followed  almost 
immediately  by  the  Gypidula  bed. 

"Second  fauna  of  the   Helderberg   limestone,   represented   in   beds  5  to 
25  of  the  section  opposite  Great  Cacapon. 


Stromatopora  sp.  undet. 
Favosites  helderbergiae. 
Favosites    helderbergiae    praece- 
dens. 
*Striatopora  sp.  undet. 
Cladopora   rectilineata. 
*Cladopara  multiseriata. 
*Anlopora  schohariac. 
*Aulopora  n.  sp.     (Very  slender). 
*Vermipora  cf.  serpuloides. 
Diphyphyllum   integumentnm. 
*Prismatophyll.um  sp.  undet. 
*17   cystids   of   the   genera   Pseu- 
docrinitcs,   Sphaerocystites, 
Jaekelocystis,    Tetracystis,    Le- 
pocrinus. 
*5  or  6  genera  of  crinoids. 
*Numerous      Bryozoa,     most      of 
them  undescribed   and  charac- 
teristic of  this  zone,  represent- 
ing the  following  genera : 
Ceramopora,      Fistuliporella, 
Eridotrypa,  Cyphotrypa, 
Lioclema,  Stromatotrypr,  Pe- 
talotrypa,    Fenestella,    Semi- 
coscinium,  Orthopora. 
Pholidops  ovata. 
Dalmanella  concinna. 
Rhipidomella  oblata  var.  emar- 

ginata. 
Uncinulus  pyramidatus. 
Uncinulns  nucleolatus. 
*Gypidula  galeata  var. 
*Mytilarca  sp.  undet. 
*Amphicoelia?  n.  sp. 


*Grammysia  n.  sp. 

Conularia  pyramidalis. 

Tentaculites  gyracanthus  var. 
*Dalmanella    cf.   postelegantula. 
*Orthostrophia  cf.  strophomen- 
oides. 

Strophonella  geniculata. 

Schuchertella   deformis. 
*Schuchertella  cf.  zuoohvorthana. 
*Chonetes  jerseyensis. 

Leptaena   rhomb oidalis. 
*Spirifer   vanuxemi   var. 

Spirifer  octocostatus. 

Spirifer   modestns. 
*Merista  typa. 

Meristella  laevis. 
*Meristella  cf.   arcnata. 
*Nucleospira  cf.   elegans. 

Rhynchospira  globosa. 

Atrypa    reticularis   var. 
*Rensselaeria  mutabilis  var. 
*Beachia  n.  sp. 

Rhynchonella  formosa. 

Rhynchonella  litchfieldensisf 

Rhynchonella    transversa? 

Rhynchonella  lamellata. 

Leperditia   altoides. 

Klodenia   kummeli. 
*Beyrichia  n.  sp. 

Klocdenella  clarkei. 

Kloedenella  pennsylvanica. 

Kloedenella   turgida. 

Kloedenella  hieroglyphica? 
*Octonaria  n.  sp. 

Calymene  camerata. 


"More  than  100  species  from  this  subzone  are  contained  in  the 
collections  of  the  National  Museum;  and  over  two-thirds  of  these  are 
strictly  diagnostic.  Taken  as  a  whole  the  fauna  is  decidedly  Helder- 
bergian,  most  of  the  brachiopods,  for  instance,  passing  into  the  zones 
of  the  typical  Coeymans  and  New  Scotland  faunas  with  so  little 
change  in  character  that  it  is  difficult  and  often  impracticable  to 
distinguish  them.  On  the  other  hand,  most  of  the  corals  and  ostra- 
cods,  the  trilobite,  and  a  few  of  the  brachiopods  are  more  closely 
related  to  the  preceding  fauna  and  the  Tonoloway  fauna.  This  rela- 
tion, together  with  the  fact  that  the  larger  part  of  the  fauna  is  con- 
fined to  the  lowest  of  the  four  Helderbergian  zones  recognized  in  Mary- 
land, strongly  suggests  an  older  stage  of  the  Helderberg  group  than 
is  known  or  recognized  in  NeAV  York;  and  the  truth  of  this  suggestion 
is  established  by  the  occurrence  of  a  typical  Coeymans  fauna  above 
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this  lowest  zone  in  Maryland.  That  this  fauna  is  not  the  equivalent 
of  the  Cobleskill  and  Manlius  faunas  of  New  York,  as  has  been  sup- 
posed heretofore,  is  proved  not  only  by  its  strong  Helderbergian  as- 
pect but  more  positively  by  the  presence  in  the  lower  Tonoloway, 
some  300  to  600  feet  beneath  the  Helderberg  in  Maryland,  of  a  fauna 
that  agrees  more  closely  with  the  typical  Cobleskill  and  Manlius 
faunas. 


"Coeymans  fauna  from  the  Pawpaw-Hancock  and  adjacent  areas. 


Orthopora  regularis. 
Rhipidomella  oblata. 
Leptaena     rhomboidalis 

var.). 
Strophonella  punctulifera. 
Schnchertella  ivoohvorthana. 
*Gypidula  (Sieberalla)  galeata 
(typical  form). 


Spirifer   cyclopterus. 
Meristella  laevis. 
(large        Anoplotheca  concava. 
A  try  pa   reticularis. 
Uncinulus  nucleolata. 
Uncinulus  mutabilis. 


"Neither  the  Coeymans  fauna  nor  the  beds  of  this  zone  are  as 
well  developed  in  this  region  as  in  the  Helderberg  Mountains  of  New 
York.  Gypidula  galeata,  which  may  almost  always  be  found  after 
a  few  minutes  search,  is  the  principal  guide  fossil.  Although  a  smaller 
variety  of  the  species  is  widely  distributed  in  the  underlying  zone, 
the  typical  form  of  the  species  and  the  zone  of  which  it  is  diagnostic 
can  be  at  once  distinguished  by  its  associated  fossils.  A  number  of 
species,  like  Spirifer  cyclopterus,  Strophonella  punctulifera,  and  Schu- 
chertclla  woolworthana,  are  unknown  beneath  beds  containing  the 
Coeymans  fauna;  hence,  the  presence  of  any  of  these  with  Gypidula 
galeata,  may,  according  to  present  information,  be  regarded  as  posi- 
tive evidence  of  the  typical  Coeymans  fauna. 

"New  Scotland  fauna  from  the   Pawpaw-Hancock  and   adjacent  areas. 


Corals. 
*Edriocrinus  pocilliformis. 
*Monotrypa    (Ptychonema) 

latum. 
*Dalmanella  eminens. 
*Dahiiaiiclla  perelegans. 

Dalw.nnclla    planiconvexa. 

Rhipidomella  oblata. 

Leptaena  rhomboidalis. 
*Stropheodonta  becki. 
^Strophonella  headleyana. 

Strophonella   punctulifera. 
^Strophonella  cavumbi  na. 

Schuchertella  woolworthana. 

Spirifer  cyclopterus. 
*Spirifer  macropleura. 

Spirifer  perlamellosus. 

Spirifer  concinnus  (?) 

Meristella  subquadrata. 

Meristella  arcuata. 


*Trcmatospira  deweyi. 
*Trcmatospira    equistriata. 
tabu-      *Trematospira  multistriata 

Nucleospira  elcgans. 

Nuclcospira  ventricosa. 

A  try  pa  reticulata. 
*Airypina  imbricata. 

Anoplotheca  concava. 

Anoplotheca  flabcllites. 
*Camarotocchia  alii  plica  la. 

Uncinulus  mutabilis. 

Uncinulus  vcllicatus. 

Eatonia   mcdialis. 

Eatonia   pcculiaris. 

Eatonia  singularis. 

Rensselaeria  mutabilis. 
:  Platyceras  spirale. 

I  'latyceros.  gebhardti. 

rialyccras   Insinuation. 
*Phacops  logaiti. 
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"In  Maryland,  as  in  New  York,  the  zone  of  the  New  Scotland 
fauna  is  the  most  fossiliferous  zone  of  the  Helderberg.  Thougn 
there  are  many  other  forms,  and  most  of  them  characteristic  of  the 
zone,  it  is  only  the  brachiopods  that  are  very  common.  Fortunately, 
there  are  enough  of  the  latter  that  are  either  strictly  confined  to  trie 
New  Scotland  fauna  or  occur  only  rarely  outside  of  it  to  render  trie 
identification  of  the  zone  exceptionally  easy.  Almost  any  of  the 
species  marked  with  an  asterisk  (*)  may  be  relied  on,  and  it  is  a 
poor  outcrop  indeed  that  does  not  quickly  yield  several  of  these. 
The  cherty  beds  are  especially  prolific. 


"Becraft  fauna  from  the   Pawpaw-Hancock  and  adjacent  areas. 


Crania  sp.  undet. 

Dalmanella   planiconvexa. 
*Rhipidomella  assimilis. 

SchucherteUa    zvoohvorthana. 
*Spirifer  concinnus. 

Spirifer  cyclopterus. 
*Cyrtina  rostrata. 

Meristella  lata   (?)• 

Meristella  arcuata. 

Nucleospira  elegans. 

A  try  pa   reticularis. 

Anoplotheca  flabellites. 


Anoplotheca  concava. 
*Gypidula  pseudogaleata. 

Rhynchonella  eminens. 

Rhynchotreta  (?)  n.  sp. 

Plethorhyncha  campbellana. 

Batonia  medialis. 

Eatonia  peculiaris. 
*Rensselaeria  aequiradiata. 

Rensselaeria  aequiradiata  var. 
*Rensselaeria  subglobosa. 
*Phancrotrema  labrosa." 


CHAPTER  X. 


THE  SILURIAN  SYSTEM. 


Below  the  Devonian  is  the  group  of  rocks  included  in 
the  Silurian  System,  a  name  given  by  the  English  geologists 
in  the  early  days  of  stratigraphical  work  in  England.  It  was 
formerly  designated  as  the  Upper  Silurian  in  distinction  from 
the  Lower  Silurian,  but  the  lower  group  has  now  been  given 
another  name,  and  the  prefix  Upper  is  dropped  from  the 
nomenclature. 

The  Silurian  System  of  rocks  is  marked  at  the  base  by  a 
heavy  sandstone  deposit,  the  Medina,  which  in  central  Penn- 
sylvania reaches  a  thickness  of  nearly  2000  feet.  Above  this 
sandstone  is  a  series  of  shales  and  sandstones,  with  solid  and 
shaly  beds  of  limestone  that  was  named  in  the  early  days  of 
New  York  geological  work  the  Clinton,  which  has  a  broad  ex- 
tent westward  into  Ohio  and  Wisconsin  and  southward  into 
Alabama.  It  contains  beds  of  red  hematite  iron  ore  in  Penn- 
sylvania, Wisconsin,  West  Virginia,  and  in  Alabama.  Above 
this  group  are  the  Niagara  Limestone  and  Shale,  which  also 
have  a  wide  extent  westward  into  Ohio,  Illinois,  Wisconsin, 
Iowa,  and  in  the  Black  Hills  of  South  Dakota,  but  southward 
from  New  York  it  is  doubtfully  present  in  Pennsylvania  and 
is  supposed  by  Stose  and  Swartz  to  be  absent  in  Maryland 
and  West  Virginia,  unless  it  be  represented  by  their  McKenzic 
formation*,  but  the  W.  Va.  Geological  Survey  regards  the 
McKenzie  as  Niagara.  At  the  top  is  the  Salina  Group  of  lime- 
stones and  shales  usually  non-fossiliferous  or  only  sparingly 
fossiliferous.  In  New  York  State  they  carry  valuable  deposits 
of   salt   and   gypsum,   also   natural    cement    limestones.      The 
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cement  rock  continues  southward  and  was  once  worked  at 
Roundtop  and  Cumberland,  Maryland,  but  the  salt  and  gyp- 
sum are  absent  showing  a  very  different  condition  of  the  seas 
southward,  more  open  water  and  an  absence  of  shore  lagoons. 
The  subdivisions  of  the  Silurian  are  as  follows : 

Salina  Formation. 

Niagara  Formation  (McKenzie  of  Stose  and  Swartz). 

Clinton    Formation. 

Medina  Formation. 

THE  SALINA  FORMATION. 

The  Salina  Formation  has  been  separated  in  this  district 
into  the  following  subdivisions : 

Bossardville  Limestone. 

Rondout  Waterlime. 

Bloomsburg    Red   Shales  and   Sandstones. 

BOSSARDVILLE   LIMESTONE. 

The  Keyser  or  lowest  member  of  the  Helderberg  in 
typical  sections  rests  upon  a  flaggy,  platy  limestone  named 
by  Stose  in  the  Pawpaw-Hancock  Folio  the  Tonoloway  Lime- 
stone from  its  exposures  on  the  ridge  of  that  name  west  of 
Cacapon  River.  Swartz  (Md.  Geol.  Report  on  Lower  Devo- 
nian, p.  109)  suggested  an  apparent  correlation  of  this  lime- 
stone with  the  Bossardville  Limestone  of  I.  C.  White*  in 
Pennsylvania  and  New  Jersey.  It  was  named  by  White  from 
Bossardville  in  eastern  Pennsylvania  where  it  has  been  exten- 
sively quarried  for  the  manufacture  of  lime,  and  it  was  often 
described  as  the  "ribbon  limestone"  from  its  banded  appear- 
ance. It  is  described  in  that  section  as  being  in  two  divisions, 
an  upper  gray  or  bluish-gray  to  black  massive  limestone 
traversed  by  calcite  streaks  and  without  fossils,  a  lower  divi- 
sion of  dark-gray  limestone  with  a  peculiar  banded  or  ribbon 
effect  "produced  by  the  edges  of  very  fine  layers  of  different 
colors,  gray,  whitish,  blue,  etc."  It  is  described  as  non- 
fossiliferous  in  eastern  Pennsylvania.     On  the  Susquehanna, 


^Second  Geol.  Survey  of  Penna.,  G6,  pp.  141-5;   1885. 
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Lesley  states  the  limestone  contains  the  fossil  Leperditia  alta 
and  that  it  is  there  100  feet  thick. 

In  Perry  County,  the  limestone  is  described  (Final  Report, 
Vol.  2,  p.  975)  as  "hard,  dark,  often  bituminous  and  traversed 
by  veins  of  calcspar.  The  weathered  surfaces  of  the  rock 
show  that  it  is  laminated,  that  is,  composed  of  alternate  darker 
and  lighter  very  thin  leaves  or  layers,  which  have  no  disposi- 
tion to  separate  under  the  action  of  the  air." 

The  lithological  character  of  the  Bossardville  Limestone 
is  very  similar  to  the  limestone  called  Tonoloway  in  the  east- 
ern Panhandle  Area  of  West  Virginia.  In  the  same  way  it 
lies  just  below  the  Helderberg  Limestone  and  in  the  same 
way  is  underlain  by  the  so-called  cement  limestones.  In  West 
Virginia  it  contains  the  fossil  Leperditia  alta  and  in  most  of 
its  ledges  is  almost  non-fossiliferous.  It  differs  in  certain 
ledges  that  do  contain  a  number  of  fossils.  The  Tonoloway 
thus  agrees  with  the  Bossardville  in  Pennsylvania  in  its 
lithology,  its  stratigraphic  relation  to  overlying  and  under- 
lying beds,  and  in  its  fossils.  The  latter  being  the  older 
name  and  in  use  in  the  Pennsylvania  and  New  Jersey  Reports 
is  used  in  this  Report.  The  New  York  equivalent  is  at  present 
doubtful.  It  resembles  in  fauna  the  Manlius  or  Tentaculite 
Limestone  of  that  State.  The  correlation  of  the  New  York 
geologists  would  place  the  Manlius  too  high  in  the  scale  for 
this  formation,  as  the  Keyser  Member  of  the  Helderberg  is 
apparently  below  the  Manlius  as  placed  by  their  work. 

Ulrich  in  the  Maryland  Survey  Report  (p.  115)  advances 
a  classification  in  which  he  places  the  true  Manlius  below  the 
beds  referred  to  that  group  in  New  York  and  so  below  the 
Keyser  Member.  If  this  order  is  upheld  the  horizon  of  the 
Bossardville  would  be  correlated  with  the  Manlius.  Until 
this  question  is  definitely  settled  it  would  not  be  safe  to  corre- 
late this  group  with  the  Manlius. 

The  Bossardville  Limestone  in  Morgan  and  Berkeley 
Counties  is  composed  of  solid  and  shaly  ledges,  and  in  all 
typical  outcrops  there  is  a  distinct  line  banding  of  the  stone, 
Lhe  ribbon  effed  described  in  the  Pennsylvania  Reports,  and 
ill..-    the   rods    in    those   sections,   it    does   not    split   along  these 

planes  on  weathering. 
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In  the  typical  locality  of  the  Government  Survey  on 
Tonoloway  Ridge,  the  limestone  is  very  dark-gray  to  black, 
hard  and  compact,  with  a  distinct  banding,  almost  an  agate 
effect,  and  breaks  along  joint-planes  into  slabby  blocks.  It 
tends  to  weather  to  a  gray  color.  In  some  places  it  shows  a 
layer  of  contorted  breccia  in  a  ten-inch  seam,  and  contains  as 
in  Pennsylvania  numerous  calcite  streaks  some  of  which  are 
one-half  inch  thick.  Excellent  exposures  are  made  by  the 
cutting  of  the  river  into  this  limestone  near  the  gap  in  the 
ridge  at  Ziler  Ford  and  opposite  Rock  Ford  as  well  as  between 
those  two  places. 

In  the  Warm  Spring  Ridge  the  characters  are  similar  with 
the  ledges  almost  black  in  color  and  very  flaggy.  On  Ferrel 
Ridge  it  is  a  gray  to  black  limestone  somewhat  sandy  and 
showing  wavy  banding,  with  a  few  fossils. 

OUTCROPS.  —  The  Bossardville  Limestone  outcrops 
along  the  east  lower  slope  of  Tonoloway  Ridge  across  Mor- 
gan County  to  the  Potomac  River  at  Great  Cacapon.  The 
Cacapon  River  cuts  into  it  from  Ziler  Ford  nearly  to  Rock 
Ford  where  it  forms  the  wall  of  the  valley  on  west  and  in 
places  on  the  east.  It  is  well  exposed  in  roadside  cuts  a  mile 
south  of  Great  Cacapon. 

A  belt  of  Bossardville  Limestone  follows  the  bottom 
slope  on  the  west  side  of  Warm  Spring  Ridge  where  it  can  be 
seen  in  various  roadside  cuts.  Very  good  exposures  are  found 
in  the  railroad  cut  along  the  Potomac  two  miles  southwest 
of  Hancock  Station.  It  has  been  quarried  about  four  miles 
south  of  Berkeley  Springs  and  burned  into  lime  in  a  small 
one-kiln  plant  for  agricultural  lime. 

A  belt  of  this  limestone  surrounds  Ferrel  Ridge  with  a 
long  narrow  straight  outcrop  on  the  west  slope  and  two  belts 
of  broader  faulted  outcrop  on  the  east  side  of  the  ridge.  It  is 
opened  in  small  quarries  north  of  Jones  Spring  where  it  is 
burned  into  lime  at  the  Wheeler  kilns.  These  are  the  only 
outcrops  of  this  limestone  in  this  area. 

Ulrich  and  Stose  measured  the  following  section  of  the 
Bossardville  Limestone  in  the  railroad  cut  along  the  Potomac 
east  of  Grasshopper  Run  about  two  miles  southwest  of  Han- 
cock (Pawpaw-Hancock  Folio,  p.  38)  : 
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Section  of  Bossardville  Limestone  near  Grasshopper  Run 

(Ulrich  and  Stose). 

Feet. 
Finely  lamellar  limestone  interbedded  with  shale..       6 

Finely  lamellar  limestone  weathering  shaly 85 

Shaly  limestone,   more   shaly   below 58 

Massive  thinly  lamellar  limestone,  fine-grained, 
slightly  argillaceous.  Thick  coral  reef  of 
Stromatopora  and  thin  seams  of  crystalline 
limestone  filled  with  ostracods,  small  brachio- 
pods,  and  Tentaculites  gyracanthus  near  base.  . 
Three    of   the   ostracods    are    diagnostic   of   this 

zone  but  are  undescribed  species 143 

Magnesian    limestone 2 

Massive  laminated  limestone,  Tentaculites  gyracan- 
thus and   large   Leperditia 60 

Very   thin-bedded    limestone    interbedded    with   thin 

shales    14 

Massive  and  thinly  laminated  limestones,  some 
arenaceous.  Containing  ostracods  and  shells, 
Hormotoma  (small  species),  Rhynchonella?  la- 
mcllata,  R.  litchfieldensis?  R.  hydraulic®?  Leper- 
ditia altoides 32     400 


On  the  west  slope  of  Ferrel  Ridge  toward  the  north  end 

of  the  ridge  and  where  the  road  crosses  the  ridge  the  follow- 
ing section  was  measured : 

Section  of  Bossardville  Limestone,  Ferrel  Ridge, 

Berkeley  County. 

Feet. 

Slabby  bluish-black  limestone  with  ledges  ten  inches.  15 

Ledges  more  shaly  and  platy 35 

Hard     bluish-black     limestone     solid     ledges     break 

slabby   20 

Very   shaly  ledge 3 

Flaggy    limestone 25 

Slaty  black  limestone  weathers  blue 8 

Solid  ledges  weather  somewhat  cobbly 15 

Slabby  limestone  makes  large  plates  a  half  to  inch 

thick  black  weathers  blue 20 

Slabby   limestone   weathers   with   round   concretion- 
ary   masses 20 

Solid  blue  ledges  but  distinctly  banded 15 

Concealed,  but  some  slabby  blocks  show 45 

Shaly   bluish    blocks   with   veins   calcite,   fossils....  20 

Slabby    limestone 25 

More   solid    ledges   weather  bluish-gray 8 

Slabby   ledges  limestone 28 

Slabby  limestone  bul   weathers  In  more  or  less  an- 

-  - 1 1 1  - 1 1  -    blocks 15 
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Feet. 


Gray  fine  shaly  limestone  with  ridged  surfaces  slate- 
black    color    where    unweathered,    banded 

Granular  bluish-black  limestone 


8     B50 


Close-grained  limestone,  sandy,  Waterlime  beds. 


Ulrich  in  the  Pawpaw-Hancock  Folio  (p.  54)  lists  the 
following  fossils  from  this  limestone  collected  near  Grass- 
hopper Run  and  opposite  Great  Cacapon,  and  which  he  regai  Js 
as  equivalent  to  the  late  Cayuga  or  Salina  rocks  of  New  York : 


From  the  lower  portion  of  the  limestone: 


Stromatopora  sp.  undet. 

Favo sites  globuliformis. 

Fistuliporella,  thinly  lamellose 
species. 

Cyphotrypa,  new  lamellate  spe- 
cies. 

Orthopora  n.  sp.  (cf.  O.  regu- 
larise. 

Schuchertella  hydraulica  var. 

Meristella  bella? 

Whitfieldella  nucleolata. 

Rhynchospira  globosa. 

Rhynchonella  litchfieldensis. 

Rhynchonella  hydraulica   ? 

Rhynchonella?  lamellata. 


Hormotoma  sp.  undet.  (resem- 
bles H.  gracilis) . 

Tenlaculites   gyracanthus. 

Calymene  camerata. 

Leperditia  alta. 

Leperditia  altoides  ? 

Beyrichia  n.  sp.  (resembles  En- 
tomis  flabellifer  and  E.  Ob- 
long a). 

Kloedenia   n.    sp. 

Bollia    (?  Halliella)    n.    sp. 

Kloedenella  clarkei. 

KlnedeneVa  halli. 

Kloedenella  (f  Tetradella)  cf. 
hieroglyphica  (Krause). 


From  the  upper  50  feet  of  the  limestone: 


Stropheodonta  bipartita. 
Spirifer  corallinensis. 
Spirifer  eriensis. 
Tenlaculites  gyracanthus. 
Kloedenia  cf.  nearpassi. 
Kloedenia  sussexensis  var. 
Halliella   ?  cf.  seminulum. 


Primitia  humilis? 
Kloedenella  clarkei. 
Kloedenella  {?  Tetradella)  hier- 
oglyphica. 
Octonaria  n.   sp. 
Bythocypris  cf.  concinna. 


THE  RONDOUT  WATERLIME   FORMATION. 

Below  the  Bossardville  Limestone  is  a  group  of  gray  to 
light-buff  thin  shales  and  shaly  limestones  with  some  ledges 
of  solid  banded  limestone  from  which  natural  cement  was  for- 
merly made  at  Roundtop,  Maryland,  three  miles  southwest  of 
Hancock,  and  also  near  Cumberland.  The  formation  was 
named  by  Stose  in  the  Pawpaw-Hancock  Folio  the  Wills 
Creek  Shale.  Its  relation  to  the  overlying  limestone  and  to 
the  basal  red' shale  and  sandstone  beds,  also  its  cement  char- 
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acter  and  the  few  fossils  found  are  all  similar  characters  to 
the  Waterlime  Formation  or  Rosendale  of  Pennsylvania  and 
New  York,  and  since  the  term  Rondout  Waterlime  has  long 
been  applied  to  the  formation  it  will  be  used  in  the  present 
Report. 

At  the  base  of  the  formation  is  a  heavy  sandstone  stratum, 
ied  in  color,  and  weathers  somewhat  shaly  and  in  places  is 
almost  a  typical  red  shale.  A  similar  group  of  red  shales  and 
sandstones  in  about  the  same  stratigraphical  position  was 
named  by  Dr.  I.  C.  White  in  Pennsylvania  the  Bloomsburg 
Red  Shale.  It  was  described  as  composed  of  red  and  green 
shales  at  Bloomsburg  440  feet  thick  and  325  feet  in  Hunting- 
don County.  It  extends  through  the  middle  portion  of  that 
State  and  was  correlated  with  the  Salina  red  shales  of  New 
York.  The  same  formation  is  well  exposed  in  the  Morgan 
County  area  at  a  number  of  places.  The  top  of  the  red  sand- 
stone and  shale  forming  the  Bloomsburg  Member  is  taken  as 
the  base  of  the  Waterlime  Formation,  so  that  it  is  readily  de- 
termined in  this  area.  The  upper  limit  is  not  always  easy  to 
define.  In  many  sections  the  Waterlime  beds  grade  into  the 
Bossardville  but  the  latter  is  usually  in  more  resistant  ledges 
and  darker  color,  while  the  Waterlime  beds  are  more  shaly. 

In  the  Ferrel  Ridge  area,  a  heavy  deposit  of  soft  buff 
sandstone  occurs  near  the  top  of  the  Waterlime  beds,  and  it 
caps  the  minor  ridges.  In  typical  sections,  Stose  states  there 
is  a  thin  hard  white  sandstone  near  the  top  which  shows  in 
the  Grasshopper  Run  Section  seven  and  a  half  feet  thick. 

OUTCROPS. — The  Rondout  Waterlime  outcrop  follows 
along  the  valley  to  east  of  Tonoloway  Ridge  across  Morgan 
County  to  the  Potomac  at  Great  Cacapon.  Sections  arc 
almost  impossible  to  measure  on  account  of  the  weathered 
condition  of  the  formation  and  the  debris  covering  until  fol- 
lowed across  the  river  in  the  Western  Maryland  cuts.  The 
Bloomsburg  red  sandstone  member  outcrops  on  the  cast  side 
of  the  shaly  limestones  and  its  cliffs  arc  well  marked  through 
the  area. 

The  Rondout  Waterlime  (Wills  Creek  beds),  as  defined 
by  Stose,  forms  a  well-defined  outcrop,  800  to  1850  feet  wide, 
to  the  west  of  the   Bossardville  west  of  Warm  Spring  Ridge 
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with  typical  exposures  in  the  Baltimore  and  Ohio  Railroad 
cuts  along  the  Potomac.  The  Bloomsburg  Red  Shale  and 
Sandstone  member  at  the  base  forms  a  very  narrow  outcrop 
to  the  west  of  the  limestone,  but  at  the  north  from  opposite 
Prospect  Rock  on  Cacapon  Mountain  north  to  about  opposite 
Berkeley  Springs  the  outcrop  becomes  much  wider  and  then 
narrows  to  the  Potomac.  Good  sections  are  exposed  across 
the  river  in  the  railroad  cuts. 

The  only  other  outcrop  of  this  formation  in  Morgan  or 
Berkeley  Counties  is  on  Ferrel  Ridge  where  the  slaty  lime- 
stone and  shales  are  well  exposed  but  the  Bloomsburg  horizon 
is  not  exposed.  The  Waterlime  beds  there  are  found  in  two 
broad  belts  separated  by  a  faulted  zone  of  Bossardville  Lime- 
stone, and  the  upper  portion  is  very  sandy  with  soft  sand- 
stones that  have  weathered  to  sand  in  most  of  the  exposures. 

Ulrich  and  Stose  (Pawpaw-Hancock  Folio,  p.  39)  mea- 
sured the  following  section  near  the  mouth  of  Grasshopper 
Run  in  the  railroad  cuts : 

Section  of  Rondout  Waterlime  (Wills  Creek)   Formation  at 
Grasshopper  Run,  Morgan  County  (Ulrich  and  Stose). 

Feet. 

Greenish  sandstone,  fine-grained,  in  thick  and  thin 

plates    7  % 

Massive  laminated  magnesian  limestone,  weather- 
ing thin-bedded,  with  argillaceous  beds 
weathering  yellow.  Fine  oolite  with  Leper- 
ditia  near   base 45 

Greenish  shale  and  shaly  limestone  with  thicker 
beds  in  middle  and  base.  Stromatopora  and 
ostracods  at  base.  Kloedenella  clarkei,  Lep- 
erditia    altaf 50 

Shale  and   shaly  limestone 60 

Greenish  impure  calcareous  sandstone  with  some 
rounded   quartz    grains 4 

Shaly  limestone  and  limy  shale  with  thin  sandy 
beds     15 

Crumbly  greenish  shale  with  very  thin  sandy 
layers  with  Leperditia-  Purplish  shale  and 
sandstone    at   base 100 

Crumbly  greenish  shale  and  sandstone  contain- 
ing casts  of  salt  crystals,  Leperditia  and 
small  Spirifer 18 

Red    sandstone IVz 
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Feet. 
Gray  shale  with  casts  of  salt  crystals  and  Leper- 
ditia,  some  red  shale  and  a  few  thicker  lime- 
stone   beds 80 

Red  sandy  shale  and  yellow  shale 15 

Bloomsburg  Red  Sandstone   (52  feet). 

Massive-bedded,  jointed   red   sandstone 10 

Hackly  jointed   red   sandy   shale 7 

Red   jointed  sandstone 5 

Alternating  red  shales  and  sandstone 30     445 


Stose  (loc.  cit,  p.  47)  gives  the  following  section  of  the 
Bloomsburg  Red  Sandstone  member  from  the  Western  Mary- 
land cut  east  of  Tonoloway  Ridge  in  Maryland  and  opposite 
Great  Cacapon : 

Section  of  Bloomsburg  Red  Sandstone  Opposite  Great 
Cacapon  (Stose). 

Feet. 

Compact  argillite  or  mud  rock,  green  to  gray  in  color 
in  part   finely  laminated 

Green  and  red  massive  bedded  argillite  weathers 
crumbly  and  shaly 40  feet. 

Jointed  argillaceous  sandstone,  red  and  green  banded 

and    mottled 20 

Jointed  red  argillaceous  sandstone  in  massive  beds..     20 

Red   and   yellow   shale 3 

Jointed  argillaceous  sandstone,  chiefly  red,  weather- 
ing to  blocks -15 

Argillite,  red  and  sandy  above,  green  to  bluish  below    22     80 


THE  NIAGARA   (McKENZIE)   FORMATION. 

Below  the  Bloomsburg  Red  Sandstone  member  is  a  group 
of  shales  and  thin  limestones  resting  upon  a  thick  white 
quartzitc.  Stose  in  the  Pawpaw-Hancock  Folio  gave  to  this 
whole  group  the  name  of  McKenzie  from  its  outcrop  near  a 
station  of  that  name  west  of  Cumberland,  and  he  named  the 
quartzitc  the  Keefer  from  Keefer  Mountain  in  Maryland. 

There  appears  to  be  no  name  given  to  these  shales  and 
limestones  in  the  former  work  of  the  Pennsylvania  Survey, 
though  Lesley  states  that  (Finn  I  Report,  Vol.  2,  p.  839)  "under 
these  (Bloomsburg)  red  shales  lie  thin  limestone  layers  sepa- 
rated by  variegated  shales  making  a  gradual  passage  down- 
ward into  the  Clinton".    The  few  fossils  found  seem  to  corre- 
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late  it  with  the  Salina.  Under  the  Keefer  member  at  one 
place  to  the  east  of  Great  Cacapon,  Stose  found  a  thin  lime- 
stone with  a  fauna  correlated  with  the  Rochester  Shale  and 
Lockport  Limestone  of  New  York  which  he  regarded  as  Clin- 
ton, but  Pronty*  not  only  puts  these  beds  containing  the 
Rochester  fauna  in  the  true  Niagara,  but  also  the  overlying 
McKenzie,  and  this  appears  to  be  the  correct  correlation  and 
the  one  the  West  Virginia  Geological  Survey  adopts. 

The  outcrop  of  the  McKenzie  Formation  is  readily  located 
in  the  field  by  the  overlying  red  shale  and  sandstone  of  the 
Bloomsburg,  and  the  underlying  white  Keefer  hard  quartzite. 

Stose  (p.  41)  states  that  the  Keefer  Sandstone  is  com- 
posed of  two  sandstones  separated  by  black  shale,  and  that 
in  its  type  locality  at  the  south  end  of  Keefer  Mountain  the 
lower  sandstone  is  15  feet  thick,  the  upper  is  25  feet  separated 
from  the  lower  by  15  feet  of  shale,  or  a  total  thickness  of  55 
feet.  He  gives  the  following  section  (p.  42)  of  the  Keefer 
Sandstone  from  Lock  53  on  the  Canal  six  miles  west  of 
Hancock : 

Section  of  Keefer  Sandstone  at  Lock  53,  Maryland  (Stose). 

Soft  gray  to  yellow  shale  over  the  sandstone.  Feet. 

Hard  white  to  gray  sandstone,  thick-bedded  above, 
thin-bedded  to   shaly  below 14 

Hard  black   fissile   shale 1 

Hard  sandstone  with  rough  surfaces,  stained  yellow 

and    red 10 

Hard  black  shale,  sandy  at  top  and  pitted  by  rust- 
stained  worm-tubes,  containing  abundant  frag- 
ments of  a  eurypterid  closely  allied  to  Hughmill- 
eria  socialis 6 

Irregularly  bedded  sandstone 7     38 

Clinton   Shales. 

The  following  section  of  the  Niagara  (McKenzie)  was 
measured  by  Ulrich  and  Stose  at  the  mouth  of  Grasshopper 
Run  in  the  railroad  cut  west  from  Hancock  (loc.  cit.,  p.  39)  : 

*Pronty,  Wm.  F.,  The  Meso-Silurian  deposits  of  Maryland;  Amer. 
Jour.  Sci.,  4th  series,  Vol.  26,  pp.  563-574;   1908. 
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Section  of  Niagara   (McKenzie)   near  Grasshopper  Run, 
Morgan  County  (Ulrich  and  Stose). 

Feet. 

Blue  shale  with  a  few  thin  limestones  with  Kloedc- 

nclla  25 

Gray  subcrystalline  limestone  crowded  with  Kloede- 

nella  and  rhynchonelloid  shells 35 

Covered  but  in  near  by  section  seen  to  have  dark 
shale  near  base  and  thin  conglomeratic  fossil- 
iferous  limestone  beds  above 70 

Keefer  Sandstone.  White  quartzitic  sandstone  with 
Scolithus  tubes,  and  interbedded  hard  black 
shale   containing  eurypterids 40     170 


Stose  measured  the  following  section  of  the  Niagara 
(McKenzie)  (p.  40)  across  the  river  in  Maryland  from  Great 
Cacapon  but  the  basal  member  was  not  exposed : 

Section  of  Niagara  (McKenzie)   Opposite  Great  Cacapon,  in 

Maryland  (Stose). 

Feet. 
Bloomsburg   Red  Sandstone. 

Shale,  red  at  top,  green  below 10 

Green  to  yellow  and  red  shale,  soft  and  weathers  to 

fine    fragments,    somewhat    crumpled 80 

Contorted  interbedded  olive  to  drab  fissile  shale  and 
beds  1  to  2  inches  thick  of  fossiliferous  gray 
subcrystalline  limestone.  Limestones  thicker 
and  more  numerous   in  lower  portion 70 

White  sandstone,  Keefer  Member  (not  exposed  here)     40     200 


OUTCROPS.— The  Niagara  (McKenzie)  Formation  is 
found  in  but  two  outcrops  in  Morgan  County  and  is  not  ex- 
posed in  Berkeley  County.  It  forms  a  belt  just  cast  of  the 
Rondout  Waterlime  east  of  Tonoloway  Ridge  and  east  of  the 
Cacapon  River.  It  is  marked  on  the  west  by  the  Bloomsburg 
Red  Sandstone  outcrop  and  on  the  east  by  its  Keefer  Sand- 
stone Member  which  extends  north  past  Rock  Ford  to  Great 
Cacapon  Station.  Southeast  of  town  on  the  river  bank,  it  13 
closely  folded  in  ridged  folds  known  locally  as  the  "fluted 
rocks". 

The  oilier  bell  is  lo  the  east  of  Cacapon  Mountain  with 
the  Keefer  Sandstone  on  the  wesl.  and  the  Bloomsburg  out- 
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crop  on  the  east.  The  Keefer  member  caps  a  number  of  low 
ridges  and  over  most  of  its  exposure  forms  a  narrow  band, 
but  back  of  Roundtop  it  expands  covering  a  broad  area  on  the 
hill  to  the  south.  This  formation  is  not  exposed  on  the  Ferrel 
Ridge  Anticline. 

Stose  gives  the  following  list  of  fossils  collected  from  this 
formation  by  him  and  Ulrich  in  the  Western  Maryland  cuts 
opposite  Great  Cacapon  (p.  44),  and  they  are  correlated  by 
them  with  the  Salina  Formation : 


DalmaneUa  postelegantula. 
Trematospira    n.    sp.     (near     T. 

camura  and  T.  perforata). 
Whitfieldella    n.    sp.    {near    W. 

nit  id  a). 
Spirifer    n.    sp.    (near    S.    sulca- 

tus). 
Spirifer  cf.  eriensis. 
Rhynchonella  formosa. 
Rhynchonella  cf.  vellicata. 
Rhynchonella  n.  sp.    (very  finely 

plicated). 
Uncinulus  cf.  pyramidatus. 


Ctenodonta   n.   sp. 
Cleidophorus  cf.  Nucula  sinuosa 

Simpson. 
Prothyris  n.  sp.  and  other  pelec- 

ypods. 
Coleolus  sp.  undet. 
Orthoceras,  2  species  undet. 
Beyrichia  moodeyi. 
Kloedenia  cf.  sussexensis. 
Two      undescribed      species      of 

Kloedenella      and      prenuntial 

varieties   of   K.   pennsylvanica, 

K.  turgida,  K.  clarkei. 


THE  CLINTON  FORMATION. 


Below  the  Keefer  Sandstone  of  the  Niagara  (McKenzie) 
Formation  is  a  group  of  fine  platy  buff  and  reddish-buff  shales 
with  small  red  sandstone  ledges  correlated  with  the  Clinton  of 
New  York  and  Pennsylvania.  Iron  ore  ledges  are  found  in  the 
formation,  and  the  ore  was  mined  at  one  time  back  of  Sir 
Johns  Run  Station,  but  it  was  too  low  in  iron  and  too  high  in 
silica  to  be  profitable. 

OUTCROPS.— A  belt  of  Clinton  is  found  along  the 
western  base  of  Cacapon  Mountain  in  a  narrow  outcrop  at  the 
south  end,  but  at  the  Rock  Ford  on  Cacapon  River  it  widens 
from  about  700  or  800  feet  to  nearly  4,000  feet.  It  then  ex- 
tends north  to  the  Potomac  River. 

Another  belt  is  found  along  the  eastern  base  of  this 
mountain  and  extends  north  in  a  belt  of  rather  uniform  width, 
800  to  1,000  feet.  It  bends  around  the  north  end  of  the  moun- 
tain, joining  the  western  belt  with  a  total  width  of  4,000  feet. 
The  crest  of  the  mountain  exposes  the  Clinton  Shales  and  the 
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Red  Sandstone  at  a  number  of  places  from  a  point  a  mile  south 
of  Prospect  Rock  on  the  south. 

A  narrow  belt  of  Clinton  is  found  on  the  western  upper 
slope  of  North  Mountain,  north  and  south  from  Hedgesville. 
It  is  there  composed  of  fine,  flaky,  buff  shales,  and  platy  and 
angular  blocks  of  coarse-grained  red  sandstone.  This  belt 
extends  nearly  the  full  length  of  the  mountain,  but  it  is  faulted 
out  near  the  Potomac. 

The  Clinton  is  in  many  sections  very  fossiliferous.  Stose 
gives  in  the  Pawpaw-Hancock  Folio  the  following  list  of  fos- 
sils collected  in  the  Sir  Johns  Run  locality : 

Dalmanella  elegantula  var.  Camarotoechia  neglecta. 

Stropheodonta  corrugata.  Tentaculites  n.  sp. 

Stropheodonta   prisca.  Concularia  niagarensis. 

Chonetes  sp.  undet.  Bollia  lata. 

Atrypaf  gibbosa.  Beyrichia,  2  species. 

Anoplotheca    hemisphenca.  Calymene  clintoni. 
Whitfieldella  intermedia. 

THE  MEDINA  FORMATION. 

The  White  Medina  Sandstone  or  quartzite  of  Pennsyl- 
vania and  New  York  has  been  called  by  the  United  States 
Geological  Survey,  without  any  sufficient  reason,  the  Tusca- 
rora  Sandstone.  It  is  in  this  area  of  West  Virginia  a  very 
hard,  white,  close-grained  sandstone,  almost  a  quartzite,  and 
very  resistant  to  weathering  action.  It  forms  the  crests  of 
Cacapon  and  North  Mountains. 

OUTCROPS. — Cacapon  Mountain  from  its  northern  end 
south  to  Prospect  Rock,  which  is  a  high  cliff  of  this  sand- 
stone, is  covered  by  the  White  Medina  Sandstone,  which  also 
forms  its  east  and  west  slopes  south  across  Morgan  County. 
The  slopes  are  very  steep,  often  a  vertical  wall  of  rock  and 
practically  inaccessible  at  such  places.  It  again  comes  to  the 
surface  in  a  small  outcrop  along  the  river  bluff  just  west  of 
Sir  Johns   Run  Station. 

The  White  Medina  forms  the  crest  of  North  Mountain  in 
a  lonp,  narrow  outcrop  from  the  Potomac  River  south  across 
Berkeley  County.  It  is  apparently  faulted  out  near  Hedges*- 
ville,  bul  outcrops  both  to  ihe  north  and  south  of  this  place. 
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The  thickness  is  given  by  Stose  as  100  to  200  feet  on  North 
Mountain,  and  250  feet  on  Cacapcn  Mountain. 

Below  the  White  Medina  Sandstone  is  a  red  sandstone 
with  red  sandy  shales  which  appears  to  correspond  to  the  Red 
Medina  of  Pennsylvania,  and  which  has  been  renamed  by  the 
U.  S.  Geological  Survey,  the  Juniata  Formation.  It  is  with- 
out fossils,  but  sandstones  further  south  in  Virginia  and 
Tennessee  correlated  with  this  group  contain  fossils  of  Ordo- 
vician  age.  This  red  sandstone  is  found  in  this  area  on  the 
west  slope  of  Cacapon  Mountain  in  deep  ravines  where  it  has 
been  exposed  by  deep  erosion  in  scattered  outcrops. 

It  also  outcrops  on  the  upper  east  slope  of  North  Moun- 
tain in  a  long,  narrow  belt  from  the  river  south.  It  contains 
a  conglomerate  bed  to  the  south  of  Hedgesville,  and  is  cut 
out  in  the  Hedgesville  gap.  On  the  maps  with  this  Report, 
this  sandstone  is  included  with  the  White  Medina.  Its  thick- 
ness on  North  Mountain,  according  to  Stose,  is  about  200  feet. 


CHAPTER  XL 


THE  ORDOVICIAN  PERIOD. 


THE  SUBDIVISIONS  OF  THE  ORDOVICIAN. 

The  Silurian  System,  as  identified  in  the  early  days  of 
English  geological  field  work  by  Murchison,  was  divided  into 
two  groups  —  The  Upper  and  The  Lower.  On  account  of 
the  importance  of  both  groups,  Lapworth  in  1879  proposed 
limiting  the  name  Silurian  to  the  upper  division  and  giving  to 
the  Lower  a  new  name,  Ordovician,  whose  origin  like  that  of 
the  Silurian  was  derived  from  the  name  of  old  Celtic  tribes 
in  the  mountain  area  of  Wales,  and  this  new  name  is  now  in 
general  use  in  the  United  States. 

As  in  the  case  of  the  Devonian  and  Silurian  periods,  the 
early  work  in  this  country  on  the  Ordovician  was  in  New 
York  Stale  and  locality  names  in  that  State  were  given  to  the 
subdivisions  and  they  are  regarded  as  standard  over  the 
country.     The  early  classification  of  the  Ordovician  was  into 

five  groups : 

Hudson  River  Shales. 
Utica  Shales. 
Trenton  Limestone. 
Chazy  Limestone. 
Calciferous  Limestone. 

Lata  an  i  : T  detailed  work  in  that  State  by  Clarke  and 

his  associates  on  the  State  Survey  has  modified  this  classifi- 
cation  to  some  extenl   and   has  enlarged  it  as  shown  in  the 
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following  table  based  in  Professor  Clarke's  Handbook   (No. 
19)  of  the  New  York  State  Museum : 

Lorraine  Shales  (Hudson  River). 

Utica  Shale. 

Trenton  Limestone. 

Black  River  Limestone   (including 

the  Lowville  or  Birdseye). 
Chazy  Limestone. 
Beekmantown  Limestone  (Calciferous). 

Clarke  states  that  the  Hudson  River  Shale  Group  as 
originally  marked  by  Mather  in  1840  in  reality  includes  hori- 
zons of  the  entire  Ordovician,  and  the  later  name  of  Lorraine 
proposed  by  Emmons  in  1842  is  more  appropriate  for  this 
formation.  It  consists  in  New  York  of  shales  and  sandstones 
that  have  a  thickness  of  700  feet  in  western  New  York  and 
with  much  greater  thickness  in  the  eastern  part  of  the  State. 
Dana  states  (Manual  of  Geology,  p.  492)  that  a  boring  near 
Utica  passed  through  3440  feet  of  Hudson  River  and  Utica 
Shales.  These  shales  extend  westward  into  Ohio  and  Indiana 
where  they  are  usually  known  as  the  Cincinnati  Group.  They 
extend  south  across  Pennsylvania,  Maryland,  and  West  Vir- 
ginia into  Tennessee  where  the  thickness  is  reported  as  2000 
feet.  In  New  York  geology,  the  name  Lorraine  is  now  sub- 
stituted for  Hudson  River.  Below  this  group  of  shales  is  the 
Utica,  named  from  that  city  in  New  York,  which  also  has 
a  wide  distribution,  but  is  often  difficult  to  separate  from  the 
Lorraine  when  fossils  are  absent. 

Below  the  Utica  is  the  Trenton  limestone  named  from 
Trenton  Falls,  which  is  a  most  important  oil  and  gas  horizon 
in  Ohio  and  Indiana,  and  is  represented  in  Illinois  and  Wis- 
consin by  the  Galena  Limestone,  an  important  source  of  lead 
and  zinc.  Southward  from  New  York  it  is  not  so  well  de- 
veloped and  can  only  be  identified  in  Maryland  and  West  Vir- 
ginia by  its  fossils. 

The  Black  River  Limestone  in  New  York  originally 
applied  to  a  very  thin  limestone  along  the  river  of  that  name, 
but  was  later  used  to  include  a  number  of  other  limestones. 
As  now  used  it  includes  the  Lowville  or  Birdseye  Limestone 
of  New  York  and  which  has  been  traced  south  through  Penn- 
sylvania into  Maryland  and  West  Virginia. 
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The  Chazy,  named  from  a  village  in  Clinton  County,  is  a 
black  or  gray  limestone  and  marble  in  a  small  area,  but  in 
part  equivalent  to  the  Stones  River  of  the  south.  The  Stones 
River  Limestone  is  found  over  a  large  area  in  Tennessee, 
Virginia,  West  Virginia,  and  Maryland.  It  extends  into  New 
York,  according  to  the  studies  of  Cushing  (Bull.  Geol.  Soc, 
Vol.  19,  p.  155)  near  Watertown,  where  it  is  represented  by 
his  Parmelia  Group  of  blue-  and  dove-colored  limestones. 

The  Beekmantown  Limestone  formerly  known  as  the 
Calciferous  was  first  described  as  a  grayish  magnesian  lime- 
stone sandy  and  cherty  with  very  few  fossils. 

The  Ordovician  section  as  exposed  in  the  eastern  Pan- 
handle area  of  West  Virginia  may  be  divided  into  the  follow- 
ing groups: 

f  Lorraine. 
Martinsburg  Shale.      -{  Utica. 

[  Trenton. 
Charnbersburg  Limestone   (Black  River  in  part). 
Stones  River  Limestone  (Chazy  in  part). 
Beekmantown  Limestone. 

THE  MARTINSBURG  SHALE. 

The  upper  portion  of  the  Ordovician  in  Berkeley  and 
Jefferson  Counties,  West  Virginia,  is  represented  by  a  group 
of  shales  named  by  Darton,  the  Martinsburg  Shale.  Darton 
states  (Amer.  Geol.,  Vol.  X,  p.  13)  that  these  shales 

"Succeed  the  Shenandoah  Limestone  with  a  thin  series  of  alter- 
nating thin-bedded  limestones  and  slates  at  their  base.  The  name  is 
taken  from  Martinsburg,  in  the  Shenandoah  Valley,  in  West  Virginia, 
a  region  in  which  the  formation  is  extensively  and  typically  exposed. 

.  The  rocks  are  slates  and  shale,  mainly  of  dark  color. 
The  beds  are  fossiliferous  at  many  points;  graptolites  are  found  in 
the  basal  beds.  Along  Little  North  Mountain,  and  in  the  Warm 
Spring,  Crab  Bottom,  and  other  anticlinal  valleys  westward,  remains 
of  Upper  Ordovician  brachiopods  are  moderately  abundant.  The 
forms  most  frequently  met  with  are,  Leptaena  sericea,  L.  altemata, 
Orthis  testudinaria,  O.  pectineila,  and  Modiolopsis  modiolaria.  The  pre- 
cise equivalency  of  the  formation  is  D.0I  known,  but  judging  from 
its  general  relations  and  fauna,  it  probably  comprises  the  Utica,  Hud- 
son  River,  ami  possibly  small  amounts  of  adjacent  formations  of  the 
New  Fork  series.     11   is  No.  Ill  of  Rogers'  reports  and  has  generally 

In  -I'll    failed    |Im-    I  hiil:  1111    I  { i  \  IT." 

The  Martinsburg  Shale  near  its  contact  with  the  under- 
lying limestone   is  very  calcareous  in   blocky  ledges  grading 
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into  the  limestone,  with  black  very  hard  limy  shales  above 
and  which  weather  to  buff  small  blocky  shale.  Still  higher 
the  shales  have  a  purplish-black  to  dull-black  color  and 
weather  to  buff  smooth  platy  shales  and  finally  to  a  shale 
gravel.  Some  of  the  ledges  weather  to  long  slender  prisms 
or  pencils  and  on  less  weathered  outcrops  show  a  tendency  to 
spheroidal  weathering.  The  shale  is  cut  by  numerous  joint- 
planes  in  three  sets  at  right  angles  to  each  other  and  various 
diagonal  planes  so  that  the  ledges  break  into  small  plates  more 
or  less  angular.    The  shales  are  crumpled  and  folded. 

The  surface  buff  shales  as  followed  downward  in  new 
exposures  at  brick-yards,  railroad  cuts,  stream  valleys,  etc., 
soon  pass  into  hard  black  shales  or  slates  which  break  out  in 
large  irregular  blocks  almost  like  a  limestone,  but  they  will 
split  along  parallel  planes  like  a  roofing  slate.  Such  exposed 
rock  has  every  appearance  of  durability  but  in  a  short  time 
en  exposure  slacks  and  falls  to  pieces  with  a  fading  of  the 
black  color  to  a  greenish-black  then  to  a  brownish-black  and 
finally  buff  flaky  shales.  According  to  Dale  (Bull.  U.  S.  G.  S., 
p.  275)  the  cleavage  in  these  slates  is  due  to  parallel  arrange- 
ment of  lime  and  carbonaceous  material  in  parallel  bands  and 
they  are  to  be  classed  as  clay  slates  rather  than  mica  slates. 
Chemically  these  shales  contain  53  to  nearly  58  per  cent,  of 
silica,  and  18  to  20  per  cent,  alumina  with  about  5  per  cent, 
of  lime  oxide. 

In  the  upper  portion  of  the  formation  beds  of  sandstone 
occur  and  the  shales  are  more  sandy.  In  these  upper  shales 
minute  mica  scales  or  points  are  seen  and  there  is  a  tendency 
to  weather  to  more  block  shales  than  in  most  of  the  lower 
beds  which  are  more  flaky. 

OUTCROPS. — The  outcrops  of  Martinsburg  Shale  are 
found  in  Berkeley  County  to  the  east  of  North  Mountain,  and 
in  the  eastern  part  of  the  county  and  in  southwestern  Jefferson 
County. 

Just  east  of  the  mountain  a  long  outcrop  extends  from 
three-fourths  mile  south  of  the  Potomac  River  north  of  North 
Mountain  Station,  southwest  along  the  foot  of  the  mountain 
to  the  Virginia  Line.  It  is  a  very  narrow  belt  near  North 
Mountain  Station  and  Hedgesville  with  an  average  width  of 
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1,000  to  1,500  feet  at  the  north,  3,000  feet  west  of  Arden,  and 
over  a  mile  wide  from  north  of  Gerrardstown  to  the  State  Line. 

This  shale  makes  a  good  red  brick  at  the  plant  near  North 
Mountain.  In  the  railroad  cut  north  of  this  plant,  the  shale 
is  faulted  against  the  Helderberg  Limestone  and  Marcellus 
Shales,  while  further  north  it  is  faulted  out  between  the 
Elbrook  and  Medina.  Its  thickness  at  the  brick  plant  is  about 
750  feet.  Through  this  area  it  is  a  fine  flaky  buff  shale  in  all 
surface  exposures,  and  bluish-black,  compact  shale  breaking 
with  smooth  surfaces  in  the  deeper  cuts  at  the  brick  works. 

North  of  Gerrardstown,  the  shales  are  in  many  places 
purplish-black  in  color  and  quite  hard,  while  further  north 
occur  brownish-buff  sandstone  ledges,  some  of  which  are  ten 
feet  thick,  also  very  sandy  shales.  The  purple-tinged  shales 
are  well  exposed  to  the  west  of  Gerrardstown  in  the  road  cuts, 
where  they  are  much  crumpled  and  contorted.  Buff  and  purple- 
black  shales  are  found  on  the  roads  to  the  south  of  this  town. 
On  weathering  the  shales  are  buff,  flaky,  and  more  or  less 
marked  with  white  kaolin  streaks  giving  an  ashy  appearance. 

The  main  belt  of  Martinsburg  Shale  is  in  the  eastern  part 
of  Berkeley  County  and  extends  from  the  Potomac  in  the 
extreme  northeastern  corner  of  the  county  southwest  to  the 
Virginia  Line.  This  broad  belt  is  bounded  on  the  eastern  and 
western  sides  by  the  Chambersburg  Limestone,  and  it  is  a 
broad  synclinal  fold,  broken  by  much  minor  folding.  Anti- 
clines through  it  bring  to  the  surface  the  Chambersburg  and 
Stones  River  Limestones  here  and  there  in  elongated  lenticular 
outcrops.  The  width  of  the  outcrop  at  the  north  is  two  and 
three-fourths  miles,  and  it  is  about  the  same  to  the  east  of 
Martinsburg,  but  further  south  it  is  four  miles.  In  the  south- 
ern part  of  the  area,  %the  outcrop  of  shale  is  divided  by  a  fold 
of  Chambersburg  Limestone  into  a  broad  western  portion  to 
the  west  of  Opcquon  Creek,  and  a  long  narrow  eastern  tongue 
in  Jefferson  County  to  the  east  of  the  creek. 

The  shale  area  in  these  counties  is  marked  by  rounded 
hills  with  steep  slopes,  cut  by  narrow,  deep  ravines.  Where 
the  land  is  not  cultivated,  it  is  covered  by  a  growth  of  stunted 
pines  and  cedar,  and  the  country  is  designated  as  the  "pine 
hills".    By  cultivation  the  shales  are  weathered  to  a  fine  flaky, 
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or  blocky  soil  of  shallow  depth,  which  with  abundant  mois- 
ture yields  good  crops.  A  large  portion  of  the  northern  area 
of  outcrop  and  the  borders  of  the  whole  outcrop  near  main 
roads,  are  cultivated.  Near  the  center  of  the  belts  of  shale 
away  from  the  main  roads,  a  very  large  acreage  is  not  worked 
and  it  is  practically  waste  land. 

The  roads  across  this  shale  area  when  kept  in  repair  are 
smooth  and  solid  in  good  weather,  but  become  very  muddy 
and  rough  in  bad  weather.  When  not  kept  in  repair,  these 
roads  are  filled  with  ruts  and  holes,  and  become  types  of  bad 
roads.  The  road  cuts  and  deep  ravines  show  good  sections 
of  the  shale  which  in  weathered  outcrop  is  usually  buff  in 
color,  and  in  flaky  plates,  small  blocks,  or  pencil  prisms.  In 
the  deeper  cuts,  it  is  purplish-black  to  black  in  color,  and  is 
then  a  very  hard,  compact  slate.  Often  the  shales  have  a 
bluish  or  olive-green  color.  Spheroidal  weathering  is  com- 
mon and  may  be  observed  in  almost  any  large  bank  which 
has  long  been  exposed  to  the  weather.  This  feature  is  well 
developed  in  the  Cumberland  Valley  Railroad  cuts  near 
Falling  Waters,  in  the  deep  county  road  cuts  near  Opequon 
Creek  on  the  Schoppert  Ford  and  also  the  Charlestown  roads 
from  Martinsburg  east. 

In  the  Baltimore  and  Ohio  Railroad  cuts  east  of  Martins- 
burg, the  shales  are  much  weathered,  but  show  here  and  there 
purplish-gray  to  black-colored  shales.  The  weathered  shales 
here  are  platy,  flaky,  and  very  fissile.  Two  miles  east  of  town 
on  the  railroad  and  near  the  county  road  crossing,  spheroidal 
weathering  is  developed,  and  the  shales  have  a  gray  or  ashy- 
white  surface.  The  same  weathering  is  seen  in  this  section  in 
road  cuts. 

Back  of  Van  Clevesville  the  shales  are  very  sandy  and 
there  are  outcrops  of  angular,  blocky,  buff  sandstone  in  ledges 
two  to  ten  feet  thick.  These  sandstones  and  sandy  shales  out- 
crop to  the  east  of  Marlowe  and  to  the  southeast  of  that  place ; 
also  to  the  west  of  Leetown  near  Egypt ;  and  in  the  southern 
part  of  the  county  east  of  Ridgeway  beyond  Paynes  Chapel; 
and  further  east  on  the  hills  above  Opequon  Creek.  These 
sandy  ledges  outcrop  down  the  creek  at  Middle  Branch  and 
up  this   run.-     The   sandy   shales   and   sandstones,   usually   quite 
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soft,  are  found  in  many  places  over  the  shale  area,  but  they 
ere  usually  so  much  weathered  that  they  are  only  sandy  frag- 
ments or  very  brittle  blocks  of  loose  sand  with  very  minute 
points  of  mica,  and  some  white  clay  particles. 

The  shales  are  usually  very  much  folded  and  contorted, 
with  slaty  cleavage,  and  joint-planes  well  developed.  The  dip 
changes  rapidly  in  amount  and  direction  over  short  distances. 
It  is  almost  impossible  to  make  any  complete  sections  and  the 
real  thickness  of  the  formation  is  not  known.  The  thickness 
near  Opequon  Creek  east  of  North  Martinsburg  and  a  mile 
north  of  the  main  line  of  the  Baltimore  and  Ohio  Railroad, 
appears  to  be  about  2,400  feet;  and  two  miles  south  of  this 
place,  it  appears  to  be  about  3,000  feet.  The  minor  folding 
makes  any  measurements  doubtful,  but  the  thickness  in  this 
area  is  probably  around  2,500  to  3,000  feet. 

CORRELATION. — These  shales  are  only  sparingly  fos- 
siliferous,  whole  sections  appear  to  be  without  a  trace  of  fos- 
sils, while  a  few  strata  contain  fossils  but  usually  in  small 
number.  In  the  basal  beds  not  far  above  the  Chambersburg 
Limestone,  graptolites  are  found,  a  few  fragments  of  trilo- 
bites,  and  rarely  a  few  brachiopods. 

Stose  (Pawpaw-Hancock  Folio,  p.  29)  gives  the  follow- 
ing list  of  fossils  in  these  basal  beds  near  Martinsburg  and 
Chambersburg : 


Corynoides  calycularis. 
Glyptograptus  sp.  no  v. 
Climacograp tus  spinifer 
Leptobolus  insignis. 
Schizo  crania  filosa. 


Cyclora   minuta. 
Trinucleus    conccntricus? 
Clhnacograptiis  cf.  hughesi. 
Triarthrus  becki. 


These  fossils  were  regarded  by  Ulrich  as  of  Lower  to 
Middle  Trenton  age.  Above  this  horizon,  given  by  Stose  as 
100  feet  in  thickness,  is  a  series  of  buff,  somewhat  micaceous 
shales,  apparently  without  fossils,  usually  correlated  with  the 
Utica  of  New  York. 

In  the  upper,  more  sandy  shales  with  included  sandstones, 
some  fossils  are  found.  Stose  gives  the  following  list  of  lliis 
fauna : 


Dalmanella  multisecta. 
PI,  i  tatnbonites  sericeus. 
Zygospira  modesta  var. 


( hthoceras  transversum. 
( 'allopora  sigillaroidea. 
( 'alyntene  callicephalus. 
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Ulrich  regards  these  forms  as  characteristic  of  the  Eden 
and  lower  part  of  the  Lorraine  of  New  York  and  the  Cincin- 
nati sections. 

The  Martinsburg  Shale,  therefore,  includes  fossils  of  the 
Trenton,  Utica,  Eden,  and  Lorraine  of  the  New  York  and 
Ohio  sections.  These  groups  can  be  separated  in  this  area 
at  only  a  few  typical  exposures  where  fossils  are  found,  ar 
it  would  be  impossible  to  map  the  separate  formations  over 
the  outcrop  area  in  the  field,  and  hence  the  name  Martinsburg 
Shale  is  retained. 

THE  CHAMBERSBURG  LIMESTONE. 

Below  the  Martinsburg  Shale  is  a  group  of  limestones  in 
the  Shenandoah  Valley  which  was  named  by  Darton  the 
Shenandoah  Limestone  and  described  as  "a  great  mass  of  im- 
pure magnesian  limestones  below,  grading  upwards  through 
a  series  of  chert)r  beds  of  no  great  thickness  into  several  hun- 
dred feet  of  light-colored  heavily  bedded  pure  limestones.  The 
lower  beds  were  not  found  to  be  fossiliferous.  .  .  .  The 
upper  member  is  sparingly  fossiliferous  at  many  localities  with 
a  middle  to  upper  Ordovician  fauna."  (Amer.  Geol.,  Vol.  X 
p.  13). 

Prosser  (Jour,  of  Geol.,  Vol.  8,  p.  662 ;  1900)  states 
"There  seems  to  De  no  question  but  that  the  upper  part  ol 
the  Shenandoah  Limestone  is  correctly  correlated  with  the 
Trenton  Limestone.  The  lower  part  of  the  Shenandoah  Lime- 
stone contains  Cambrian  fossils  but  the  line  of  division  be- 
tween the  Cambrian  and  the  Lower  Silurian,  which  appaiently 
is  not  indicated  by  an\'  physical. break,  has  not  yet  been  de- 
termined in  the  Great  Valley." 

It  is  only  in  the  past  few  years  that  any  serious  attempt 
has  been  made  to  separate  this  complex  of  Shenandoah  Lime- 
stone, but  through  the  work  of  Stose,  Ulrich,  and  Bassler  of 
the  U.  S.  Geological  Survey,  the  Ordovician  has  been  sepa- 
rated from  the  Cambrian,  and  a  number  of  divisions  can  now 
be  traced  and  mapped  in  this  area. 

The  upper  member  of  the  Shenandoah  Limestone  Group 
just    below '  the    Martinsburg    Shale    was    named    by    Stose 
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(Mercersburg-Chambersburg  Folio)  from  its  exposures  near 
Chambersburg,  Pennsylvania,  the  Chambersburg  Limestone, 
and  it  contains  fossils  of  the  Lowville  and  Black  River  of 
New  York,  but  as  has  been  stated  in  a  previous  paragraph  the 
New  York  Survey  now  includes  the  Lowville  under  Black 
River. 

Below  the  surface  this  limestone  in  the  eastern  Panhandle 
area  is  a  dark-gray  or  blue  to  black  hard  granular  rock  marked 
by  calcite  streaks  and  crystals  often  along  the  joint-planes* 
The  ledges  break  along  parallel  planes  forming  flaggy  outcrop 
at  many  places.  The  surface  layers  are  crossed  by  bands  of 
clayey  material  in  irregular  lines  so  that  on  weathering  the 
stone  breaks  into  rounded  and  angular  fragments  forming  a 
cobblestone  effect.  This  cobbly  weathering  is  very  character- 
istic of  this  limestone  and  its  weathered  outcrop  is  often  a 
mass  of  such  pebbles  or  cobbles.  The  black  stone  weathers  to 
a  gray  or  bluish-gray  color  seamed  by  yellowish  clay  bands. 
The  upper  beds  in  some  exposures  are  quite  shaly  and  weather 
to  a  calcareous  shale  grading  into  the  lower  divisions  of  the 
Martinsburg  Shale. 

Stose  gives  the  following  section  of  this  limestone  at  its 
t3^pe  locality  at  Kauffman,  near  Chambersburg,  Pennsylvania,. 
(Journal  of  Geol.,  Vol.  16,  p.  710),  which  he  states  is  the  most 
complete,  continuous  section  in  that  area : 

Section  of  Chambersburg  Limestone  near  Chambersburg,  Pa„ 

(Stose). 

Feet. 

Largely    concealed,    but    probably    shale    (near    top 

black,   carbonaceous    limestone   with    conchoidal 

fracture,  shaly,  dark,  crystalline  limestone,  thin 

sandstone,    and    ten    feet   of    coarse,    crystalline 

limestone  containing  Lingulas) 150 

Calcareous  shale  and   limestone 100 

Nodular    clayey    limestone 50 

Dark,   platy   limestone 94 

Compact,  dark   limestone,  very  fossiliferous 108 

Cobbly    Limestone    containing    numerous    Niduiites, 

Bryozoa,  and  a  layer  of  Cyslid  in 'ads 105     607 
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OUTCROPS. — The  Chambersburg  outcrops  are  found  in 
the  eastern  portion  of  Berkeley  County  and  southwestern  part 
of  Jefferson.  They  are  usually  long  and  narrow,  except  near 
the  ends  of  folds  where  the  low  dip  of  the  strata  gives  a  broad 
surface  outcrop. 

The  most  western  outcrop  is  a  long  narrow  belt  extending 
from  the  Potomac  River  at  Millers  Bend  southwest  past  Mar- 
tinsburg  and  Bunker  Hill  to  the  Virginia  Line  .  The  width  of 
this  outcrop  is  500  to  800  feet.  South  of  Martinsburg  by  fold- 
ing, there  are  places  where  the  width  is  nearly  4,000  feet  over 
a  short  length.  It  is  about  800  feet  wide  at  the  south  line  o 
the  county. 

The  Chambersburg  Limestone  outcrops  on  both  sides  of 
the  anticlinal  fold  east  of  Opequon  Creek  from  opposite  Bed- 
ington  thence  south  to  a  mile  south  of  the  main  line  of  the  Bal- 
timore and  Ohio  Railroad.  West  of  Bedingtcn,  there  is  a 
long  outcrop  broad  at  the  north  and  narrowing  southward, 
which  is  partly  broken  at  the  north  by  the  shale  and  the  Stones 
River  Limestone.  Another  long  anticline  of  Chambersburg 
Limestone  runs  north  and  south,  to  the  east  of  Bedington, 
extending  two  miles  north  of  the  Potomac,  and  two  and  three- 
fourths  miles  south  of  the  river,  with  a  width  of  1,200  feet  at 
the  north,  and  1,500  feet  in  the  widest  part,  which  is  just 
northeast  of  Bedington. 

A  long  narrow  outcrop  extends  from  the  Potomac  near  the 
mouth  of  Opequon  Creek,  southwest  past  Van  Clevesville  and 
Middleway,  and  it  is  faulted  out  to  the  south  of  the  latter  town. 
Near  the  Van  Metre  Schoolhouse,  a  mile  and  three-fourths 
southwest  of  Van  Clevesville,  a  synclinal  fold  makes  two  par- 
allel outcrops  for  a  few  miles. 

West  and  northwest  of  Middleway  is  a  broad  area  of 
Chambersburg  Limestone  extending  south  in  narrow  outcrops, 
one  of  which  extends  beyond  the  State  Line.  In  the  south- 
western corner  of  Jefferson  County,  east  of  Opequon  Creek, 
an  anticlinal  fold  exposes  the  Chambersburg  Limestone  in  the 
shales  in  two  belts. 

The  thickness  of  the  Chambersburg  across  the  Opequon, 
one  and  a  half  miles  southeast  of  Bedington,  is  515  feet,  as 
shown  by  the  following  section  : 
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Section  of  Chambersburg  Limestone  near  Opequon  Creek. 

Martinsburg  Shale.  Feet. 

Bluisb-black,    foliated    limestone 145 

Dark-blue  limestone,  breaks  in  small  cobbles .  . .  150 
Bluisb-black  limestone  in  thin  ledges,  cobbly...  100 
Cobbly  limestone  in  4-  to  8-inch  ledges 120     515 

South  of  Martinsburg  and  east  of  the  Standard  Limestone 
Company  quarries,  the  thickness  of  the  Chambersburg  is  480 
feet,  and  the  thickness  is  about  the  same  east  of  the  National 
quarries.  Near  Van  Clevesville,  the  thickness  is  420  feet. 
Near  Berkeley  Station  four  miles  north  of  Martinsburg,  a  good 
section  of  the  Chambersburg  is  exposed  in  the  cut  of  the  con- 
necting switch  from  the  Baltimore  and  Ohio  Railroad.  At 
this  place  the  thickness  is  575  feet. 

Section  of  Chambersburg  Limestone  near  Berkeley  Station. 

Martinsburg  Shale.  Feet. 

Bluish-black    shaly    limestone    in    4-    to    8-inch 

ledges     22 

Bluish-gray,   irregularly   seamed   limestone,   cob- 
bly      35 

Solid  ledges,  dark-blue  limestone,  calcite  streaked  54 

Solid  ledges  but  breaks  in  thin  courses 54 

Cobbly  limestone,  dark-blue  to  black 27 

Solid  ledges  but  wavy  lined,  breaks  to  angular 

blocks    52 

Cobbly  dark-blue  limestone 24 

Ledges  break  in  thin  courses,  weathers  cobbly, 

fossils    82 

Solid    ledges    breaking    in    thin    courses,    some 

fossils     27 

More  compact,  dark-blue  limestone,  wavy  lined..  80 

Platy  and  blocky  ledges,  with  fossils 25 

Very  cobbly  ledges,  some  fine  breccia,  and  fos- 
sils      27 

Cobbly  ledges  and  very  small  breccia 6(5     575 

The  upper  268  feet  of  this  section  is  of  limestone  ledges 
that  appear  to  be  almosl  non-fossiliferous,  while  the  lower  307 
feet  contains  limestones  with  abundant  fossils.  The  cobbly 
weathering  is  round  throughout  the  formation.  Most  of  the 
ledges  are  thin  and  the  bedding  very  uneven,  but  some  ledges 
are  solid  and  could  be  used  as  building  stone.     This  solid  char- 
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acter  is  shown  in  the  small  quarry  near  the  railroad  northeast 
of  Falling  Waters. 

CORRELATION.— Many  of  the  ledges  of  the  Chambers- 
burg  Limestone  are  very  fossiliferous,  but  the  limestone  is  so 
hard  and  breaks  so  irregularly  that  it  is  very  difficult  to  collect 
these  forms  from  the  rock.  They  must  be  identified  in  the 
field.  Stose  and  Ulrich  describe  over  130  species  in  the  Cham- 
bersburg,  Pennsylvania,  area,  and  about  the  same  number  in 
the  Mercersburg  area. 

They  separated  the  formation  by  its  fossils  into  five  faunal 
zones.  The  lower  or  Tetradium  and  Leperditia  zone,  which  is 
regarded  by  Ulrich  as  the  representative  of  the  Lowville  of 
New  York.  The  second  is  the  Echinosphserites  zone,  prob- 
ably equivalent  to  the  Black  River  horizon  of  New  York.  The 
third  or  Nidulites  zone  and  the  fourth  or  Christiana  zone,  with 
a  thickness  of  600  feet  in  the  Pennsylvania  area,  Ulrich  regards 
as  lying  between  the  top  of  the  Black  River,  and  the  base  of 
the  Trenton  of  New  York.  The  fifth  or  Sinuites  zone  is  placed 
with  the  Martinsburg  Shale  Formation  by  Ulrich  who  corre- 
lates it  with  the  Normanskill  division  of  the  New  York  Tren- 
ton. 

Ulrich  found  that  at  Martinsburg,  the  lower,  or  Lowville, 
horizon  was  absent,  while  the  Echinosphserites  zone  had  a 
thickness  of  20  feet ;  the  Nidulites  zone  was  300  feet ;  and  the 
Christiana  zone  was  20  feet,  so  that  the  greater  portion  of  the 
thickness  of  the  Chambersburg  in  this  area  belongs  in  the  third 
or  Nidulites  zone. 

The  Chambersburg  Limestone  thus  includes  several  dis- 
tinct New  York  Formations,  and  most  of  it  appears  to  be  above 
the  Black  River  horizon  and  below  the  Trenton.  The  name 
Chambersburg  Limestone  is  given  for  this  formation  by  Stose 
on  account  of  the  good  outcrops  near  that  place. 

STONES  RIVER  LIMESTONE. 

Below  the  Chambersburg  Limestone  in  the  eastern  Pan- 
handle area  is  a  series  of  light  bluish-gray  to  dove-colored 
limestones  often  of  a  very  high  degree  of  purity,  and  quarried 
on  a  large  scale  for  fluxing  stone  as  described  in  a  later  Chap- 
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ier  of  this  Report.  These  high-grade  ledges  are  underlain  by 
magnesian  limestones,  dolomites,  and  high  carbonate  of  lime 
rock.  All  of  these  limestones  are  grouped  under  the  Stones 
River  Formation,  which  may  be  separated  into  three  divisions 
— Lower,  Middle,  and  Upper.  This  formation  usually  out- 
crops in  a  valley  due  to  its  solution,  and  this  is  especially  true 
of  the  Upper  division. 

The  Upper  Stones  River  Limestone  in  this  area  includes 
very  pure  limestone  strata.  The  stone  is  compact,  breaks  with 
shelly  or  conchoidal  fracture  into  masses  or  blocks,  and  it  is 
very  brittle,  breaking  like  a  piece  of  glass.  The  stone  is  often 
marked  by  calcite  spots  and  strings,  giving  a  bird's-eye  effect. 
The  rock  in  its  pure  form  has  a  dove  or  creamy-white  color. 
In  other  ledges  it  has  a  bluish  tinge  with  no  trace  of  calcite. 
It  is  sometimes  mottled,  and  again  has  a  very  saccharoidal  or 
sugary  texture.  Some  nearly  black  ledges  break  with  the 
smooth  shelly  fracture  and  on  analysis  prove  very  pure.  This 
dark  color  burns  out  in  the  kiln,  and  it  is  probably  due  to  or- 
ganic matter. 

The  purity  of  these  ledges  is  remarkable.  Analyses  made 
over  a  thickness  of  a  hundred  and  fifty  feet  show  less  than  half 
of  one  per  cent,  silica.  Analyses  made  through  the  length  of 
the  outcrop  for  twenty  miles  show  the  same  result,  with  97  to 
98  per  cent,  carbonate  of  lime.  Car-loads  have  been  shipped 
that  average  over  99  per  cent,  carbonate  of  lime  with  but  a 
trace  of  silica.  In  some  quarries  there  appears  to  be  an  in- 
crease of  silica  from  the  top  to  the  bottom  of  the  quarry. 

The  surface  outcrop  by  weathering  shows  a  fluted  char- 
acter, pitted  and  furrowed  by  water  solution.  The  outcrop 
usually  projects  in  pinnacles  and  knobs,  the  hollows  being 
filled  with  residual  red  clay.  When  this  clay  is  removed  by 
quarry  stripping,  the  surface  is  a  series  of  towers  and  turrets, 
a  most  irregular  outcrop.  The  cover  is  usually  this  red  clay 
which  extends  in  fissures  to  great  depths  parallel  to  the  bed- 
'Ini..'  planes.  The  rocks  are  usually  highly  lilted  and  folded. 
This  folding  brings  in  double  lines  of  outcrops  in  many  places. 
South  of  Martinsburg,  the  east  and  west  belts  at  the  Stand- 
ard  Lime  and  Stone  Company  quarries  are  on  the  east  and 

west   sides   of   :i    pitching   anticline.      The    same    is   true   ol    the 
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two  belts  on  the  National  Limestone  Company  property,  and 
also  at  the  Blair  Company  quarries.  These  anticlines  pitch 
to  the  north  and  to  the  south,  often  disappearing  from  the 
surface  completely  under  the  Chambersburg  Limestone.  The 
fold  may  rise  again,  bringing  the  good  limestone  to  the  sur- 
face as  is  seen  south  of  the  Standard  quarries. 

The  width  of  the  surface  exposures  of  the  high-grade 
limestone  of  the  Upper  Stones  River  in  the  Martinsburg  area 
varies  with  the  amount  of  dip.  It  runs  from  ten  to  a  thousand 
feet.  The  thickness  of  the  Upper  Stones  River  Limestone 
west  of  Falling  Waters  is  200  feet,  with  a  width  of  outcrop 
of  360  feet.  It  is  180  feet  thick  on  the  outcrop  three-fourths 
mile  west  of  the  last  locality.  The  thickness  at  the  Potomac 
River  northwest  of  Falling  Waters  is  180  feet.  South  of 
Martinsburg  the  thickness  is  160  to  185  feet,  with  a  width  of 
outcrop  of  250  to  350  feet,  and  in  a  few  places  the  plunging 
end  of  an  anticline  gives  a  width  of  a  thousand  feet.  Fossils 
are  rarely  found  in  the  Upper  Stones  River  Limestone  except 
the  tubes  and  sections  of  Tetradium  which  are  very  common 
in  some  ledges. 

The  Middle  Stones  River  includes  more  siliceous  and 
more  magnesian  limestones,  dolomites,  with  ledges  which  are 
fairly  pure  and  resemble  the  Upper  member,  but  they  run 
higher  in  silica.  The  color  is  usually  dark  bluish-gray  to 
nearly  black,  and  the  rock  is  often  banded  or  striated.  Brec- 
ciated  ledges  are  common,  also  bands  of  very  compact,  dark- 
colored  limestone.  Some  of  the  dolomites  have  almost 
theoretical  proportions  of  magnesium  and  lime  carbonate,  but 
they  are  usually  high  in  silica.  They  are  light-gray  in  color 
and  form  heavy,  blocky  ledges.  Black  flints  are  common  in 
many  outcrops.  Some  of  the  strata  are  very  fossiliferous  and 
are  filled  with  broken  segments,  or  more  rarely  complete 
forms  of  Madurea  magna  which  is  characteristic  of  the  mid- 
dle Chazy  Limestone  of  New  York.  Brachiopods  and  Gas- 
teropods  are  also  common.  There  is  a  sharp  contrast  in 
composition  and  appearance  between  this  division  and  the 
Upper,  so  that  the  separation  is  readily  made. 

The  Lower  Stones  River  Limestone  is  usually  dark-blue, 
banded  or  striated,  often  breaking  into  slabby  ledges.     It  runs 
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usually  high  in  magnesia  and  it  is  also  high  in  silica.  Near 
its  top  at  the  Bunker  Hill  quarries,  a  well-defined  cone-in- 
cone  structure  is  developed.  It  grades  into  the  Middle  divi- 
sion, and  the  line  between  them  can  not  be  drawn  closely, 
but  the  lighter-gray  color  of  the  Middle  division  appears  to 
be  absent  in  the  Lower.  The  base  of  the  Stones  River 
Formation  is  taken  at  the  cauliflower  chert  horizon  at  the  top 
of  the  Beekmantown,  which  can  readily  be  followed  in  this 
area. 

In  the  Chambersburg,  Pennsylvania,  region,  Stose  gives 
the  following  composite  section  of  the  Stones  River  Lime- 
stone (Jour,  of  Geol.,  Vol.  XVI,  p.  708)  : 

Feet. 

Thin-bedded,  fine-grained,  pure  dove  limestone 275 

Massive  pure  limestone  with  Maclurea  magna  and 
black  chert  layers.  Upper  part  compact,  blue 
to    dark;    lower   part,    light-gray,    granular    and 

oolitic  150  to 200 

Massive  and  thin-bedded  limestone  interbedded  with 

magnesian  layers 600     1050 

The  following  sections  of  the  Stones  River  Formation 
were  measured  in  the  Berkeley  County  area.  The  first  was 
taken  at  the  Pittsburgh  Limestone  Company  quarries,  two 
miles  and  a  half  north  of  Falling  Waters,  on  the  Potomac 
River : 

Section  of  Stones  River  Limestone  at  Potomac  River. 


Upper   Stones   River    (184')  Feet. 

Light-gray,  very  pure  limestone 50 

Light-gray,  with  bird's-eye  calcite 5 

Light-gray  pure  limestone  with  some  small  breccia..  15 
Black  slaty  limestone  with  films  of  black  coaly  ma- 
terial      2 

Light-gray  pure  limestone 12 

Bluish-gray    pure    limestone 15 

Bluish-gray,  Blightly  foliated,  calcite  streaks 25 

l.k'hl  ;i;i.\.   somewhat   handed,   pure  limestone 50      184 

Middle   Stones   River   (205') 

Gray  limestone  with  numerous  Maclurea  magna>  and 

:  hells    ' ioo 

Blue  .'iikI  gray  limestones,  sonic  banded 60 

Blue  limestone,  bird's-eye  and  calcite  Btreaks 24 

Compacl   limestone,  blue,  wilii  ealcite  plates,  fossils  20 
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Feet. 

Bluish-gray,  magnesian  limestone  with  breccia  at  top 
composed  of  white  limestone  pebbles  parallel  to 
bed 6 

Light-gray  limestone   fairly  pure 5     205 

Lower  Stones  River   (344') 

Blue  dolomite,  compact  and  banded 16 

Dark-blue    dolomite    with    inclusions    of   softer   lime- 
stone with  irregular  outline,  calcite  streaked ...     48 
Hard  compact  limestone  with  irregular  fracture....     15 
Bluish-gray  limestone  banded  and  breaks  flaggy....     11 

Shaly  limestone  weathers  to  shales 2 

Compact  dark-blue  limestone  with  nodular  black  flint 
concretions,  10  by  4  inches  in  size  in  lower  por- 
tion       10 

Bluish-gray  dolomite,  compact,  with  black  bird's-eye 

(1/2   to  1") 9 

Irregular  blocky  ledges  of  blue-gray,  hard  dolomite..     33 
Dark-blue  dolomite,  some  veined,  other  ledges  com- 
pact    100     344 

Total  thickness   of  Stones   River 733 

In  this  quarry  section  along  the  liver  bluffs,  the  rocks 
are  well  exposed  from  the  top  of  the  formation  down.  At 
the  base,  the  cauliflower  chert  horizon  was  not  found,  so  that 
it  is  possible  that  the  Lower  Stones  River  may  have  somewhat 
greater  thickness  than  given  above.  It  is  also  very  doubtful 
if  the  top  of  the  formation  was  reached  in  this  section.  The 
working  quarry  is  in  both  the  Upper  and  Middle  Stones 
River.  This  is  the  only  locality  in  the  Martinsburg  district 
where  the  Middle  division  is  used.  Fossil  shells  are  very 
abundant  in  this  Middle  division  at  this  quarry,  especially  the 
Maclurea  magna.  The  bird's-eye  effect  of  the  calcite  spots 
is  quite  characteristic  in  the  Upper  division.  The  black  flint 
horizon  of  the  Middle  portion  was  not  observed  here,  but  in 
the  Lower  division  at  one  place  were  large  balls  of  black  flint 
elongated,  and  different  in  appearance  from  the  black  flint  of 
the  Middle  series. 

Seven  miles  south  of  the  Potomac  quarries  and  east  of 
Opequon  Creek  across  Myers  Bridge,  a  section  of  the  Stones 
River  shows  an  increased  thickness  of  the  Middle  division, 
while  the  Lower  division  is  apparently  absent.  In  the  Mid- 
dle series  are  some  very  low  silica  limestones,  which  are 
separated  from  the  Upper  by  a  belt  of  higher  silica,  flaggy 
ledges : 
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Section  of  Stones  River  Limestone  near  Mouth  of  Opequon. 

Chambersburg    Limestone.  Feet. 

Upper  Stones   River. 

Light  dove-colored  limestone,  shelly  fracture. . . .  120 
Middle  Stones  River. 

Light-gray  limestone  weathers   slabby 125 

Fairly  pure   limestone    light-gray 50 

Light-gray  limestone  full  of  Gasteropod  shells..  150     445 

A  section  of  the  Stones  River  south  of  Martinsburg  at 
the  Standard  quarries  shows  the  three  divisions,  but  the 
Lower  has  decreased  in  thickness  from  that  at  the  Potomac 
quarries,  while  further  east  at  the  National  quarries  on  the 
east  side  of  the  anticlinal  fold,  the  Lower  division  is  absent 
and  the  Middle  is  very  thin,  with  the  Upper  division  well  ex- 
posed. The  same  condition  is  found  at  the  further  south 
Standard  quarries,  so  that  the  cauliflower  chert  horizon  is 
close  to  the  outcrop  of  the  Upper  Stones  River.  On  the  west 
side  of  the  anticlinal  fold  at  the  National  quarries,  the  Upper 
division  is  thin  with  a  good  development  of  the  Middle 
division. 

Section  of  Stones  River  Limestone  South  of  Martinsburg. 

Upper  Stones  River.                                                                         Feet. 
High-grade,  pure,  dove-colored  limestone 160 

Middle  Stones  River. 

Bluish-gray,  hard  dolomite 100 

Blue  limestone,  more  or  less  banded 90 

Light-gray  fairly  pure  limestone 25 

Blue  limestone,  rather  compact 60 

Bluish-gray  limestone  with  some  black  flints 245     680 

Cauliflower  chert  horizon  of  Beekmantown.  

The  Upper  Stones  River  Limestone  at  the  National 
quarries  reaches  195  feet  in  thickness. 

The  Upper  Stones  River  Limestone  has  been  extensively 
quarried  in  the  Martinsburg  district  for  many  years  and  a 
large  tonnage  of  this  low  silica  limestone  flux  is  shipped  daily 
to   Pittsburgh  and  other  steel  centers. 

I'M  miles  south  of  Martinsburg  near  Bunker  Hill,  the 
J.  I..  Baker  Lime  Company  quarries  are  opened  in  the  Upper 
Stones  River.  The  cauliflower  ch< tI  horizon  in  the  Beekman- 
town here  lias  a  thickness  of  65  feet,  and  above  it  is  a  scries 
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of  gray  to  blue  limestones  and  dolomites,  with  black  flints 
well  shown,  also  brecciated  ledges,  comprising  the  Middle 
division.  The  Lower  is  absent,  and  the  total  thickness  is 
greatly  reduced  over  the  more  northern  outcrops. 

Section  of  Stones  River  Limestone  South  of  Bunker  Hill. 

Chambersburg  Limestone.  Feet. 

Upper  Stones  River. 

Lower  silica,   dove   to   light-gray  limestone 185 

Middle  Stones   River. 

Blue   limestone,   banded 20 

Bluish-gray  magnesian,  hard  limestone. 35 

Dark-blue    weathers    to    angular    blocks,    white 

quartz  nodules 15 

Bluish  to  black  dolomite  weathers  grayish-white       37 

Bluish-gray  dolomite  with  breccia  at  base 16 

Gray,    brecciated    limestone    full    of    irregularly 
shaped  black  flints,  some  2  by  6  inches  in 

size 4 

Bluish-gray  dolomite,  lower  part  white,  sandy..     11 
Dark-blue  to  gray  veined  limestone  with  cone-in- 
cone  at  bottom  and  top  of  ledge 4 

Bluish-gray,   hard   dolomite  with  some  iron  ore 

concretions    15 

Bluish-gray   dolomite    with    two   feet   breccia    at 

base    22 

Dark-gray  limestone  full  of  black  flints  and  some 

pyrite   7     371 

Cauliflower  chert  horizon   of  Beekmantown    (65  feet  thick). 

The  thickness  of  the  Stones  River  Limestone  near  the 
Potomac  is  733  feet ;  near  Myers  Bridge  over  the  Opequon, 
445  feet;  south  of  Martinsburg,  680;  and  at  Bunker  Hill,  370 
feet. 

OUTCROPS. — The  outcrops  of  the  Stones  River  Lime- 
stone are  usually  long,  narrow  areas  near  the  Martinsburg 
Shale,  and  separated  from  this  formation  by  the  narrow  out- 
crops of  Chambersburg  Limestone.  They  are  usually  folded 
and  faulted  and  do  not  extend  any  great  distance  on  the  sur- 
face. They  are  with  but  few  exceptions  all  in  Berkeley 
County. 

Only  one  belt  extends  across  the  entire  county,  and  out- 
crops from  the  Potomac  River  north  of  Millers  Bend  south- 
west by  Martinsburg,  Darkesville,  Bunker  Hill,  and  Ridge- 
way,  to  the  Virginia  Line  southeast  of  the  last  town,  a  tota) 
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length  of  nearly  25  miles.  The  width  of  outcrop  varies  from 
a  few  feet  to  1,000,  with  an  average  width  of  probably  500. 
The  outcrop  is  limited  on  the  west  by  the  Beekmantown 
Limestone,  and  on  the  east  it  is  covered  by  the  Chambersburg 
Limestone.  The  rocks  in  this  belt  usually  dip  east  at  high 
angles.  The  outcrop  is  continuous  from  the  north  at  the 
river  southward  beyond  Martinsburg.  At  the  south  end  of 
the  Standard  quarries,  the  formation  dips  under  the  Cham- 
bersburg; and  south  of  Evans  Run,  it  rises  again  for  a  short 
distance  to  the  surface,  then  dips  and  rises  again.  From  east 
of  Tablers  Station  and  one-half  mile  south,  the  belt  is  con- 
tinuous to  the  Virginia  Line. 

This  long  outcrop  is  the  eastern  limb  of  an  anticlinal  fold, 
and  the  western  side  of  the  fold  is  seen  to  the  north  and  west 
of  Martinsburg  and  again  to  the  south  of  this  city.  As  the 
formation  is  traced  south,  the  Lower  Stones  River  group  is 
faulted  out,  but  the  Middle  and  Upper  divisions  are  clearly 
shown.  This  belt  was  the  first  one  of  the  outcrops  to  be 
developed  in  the  quarry  industry  of  the  area,  and  on  it  are 
now  located  some  of  the  largest  quarries,  as  at  Millers  Bend, 
Berkeley  Station,  Martinsburg,  and  Bunker  Hill.  A  large 
portion  of  it  has  not  yet  been  developed  so  that  the  tonnage 
of  low  silica  limestone  still  in  the  ground  on  this  belt  is  very 
large.  From  Martinsburg  north  to  the  river,  the  belt  has 
been  too  far  removed  from  railroads  to  open  profitable  quar- 
ries, but  the  new  line  of  the  Williamsport,  Nessle  and  Mar- 
tinsburg Railroad  follows  south  very  close  to  this  outcrop. 

South  of  Martinsburg  the  outcrop  on  the  western  side  of 
the  anticlinal  fold,  locally  known  as  the  "west  quarry  belt", 
is  faulted  and  the  eastern  outcrop  of  this  faulted  belt  unites 
with  the  "east  quarry  belt"  on  the  dipping  south  end  of  the 
fold  just  north  of  Evans  Run.  It  is  exposed  just  south  of 
the  run  in  a  small  area  by  erosion  and  removal  of  the  over- 
lying rock  in  a  ravine.  Further  south  the  belt  comes  to  the 
surface   and    with    one   short    dip,    the   limestone   is   continuous 

southward. 

Two  miles  southeast  of  Martinsburg  on  the  National 
Limestone  Compan\  tract,  another  anticlinal  fold  brings  the 
Stones  River  to  the  surface  in  two  belts,  one  on  the  east  side 
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PLATE   XVIII  (A).— Contact   of   Martinsburg  Shales  and  Marcellus  in  Rail- 
road Cut  North  of  North  Mountain  Station. 


PLATE  XVIII (B).-Bossardville  Limestone  Ledges  on  West  Slope  of  Ferrel 

Ridge. 
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of  the  fold,  and  the  other  on  the  west  side,  with  the  Beekman- 
town  exposed  for  some  distance  in  the  center  of  the  fold. 
The  west  outcrop  is  of  short  length,  while  the  east  belt  has 
a  length  of  nearly  three  miles.  In  this  east  belt  the  Upper 
Stones  River  pure  limestones  are  well  exposed  and  large 
quarries  opened.  The  Lower  series  is  absent  and  the  Middle 
is  very  thin,  so  that  the  cauliflower  cherts  of  the  Beekman- 
town  are  only  a  few  feet  distant  from  the  Upper  limestones. 
The  same  is  true  on  the  east  quarry  belt  at  the  Standard 
south  quarries. 

The  southern  end  of  the  outcrop  of  the  west  belt  on  the 
National  property  is  of  exceptional  purity,  running  99  per 
cent,  carbonate  of  lime  in  car-load  lots.  At  this  pure  outcrop 
the  Chambersburg  Limestone  is  faulted  out  and  the  Upper 
Stones  River  is  overlain  by  Martinsburg  Shale.  There  is  also 
an  overturn  of  the  strata  at  this  place  and  this  limestone  is 
underlain  by  the  same  shales. 

Another  outcrop  of  the  Stones  River  Limestone  is  found 
just  west  of  Falling  Waters  near  the  crest  of  a  Chambersburg 
anticline.  .  The  curved  outcrop  is  two  miles  long  and  500  feet 
wTide,  composed  mainly  of  Upper  Stones  River  very  pure  lime- 
stone. This  tract  has  not  yet  been  developed,  but  it  is  now 
owned  by  .ne  of  the  large  stone  companies  of  this  section. 
A  small  outcrop  is  found  southeast  of  Falling  Waters  where 
it  is  exposed  at  the  surface  by  erosion  in  a  ravine  in  the  Cham- 
bersburg Limestone. 

A  very  interesting  and  valuable  outcrop  is  located  east 
of  Opequon  Creek,  starting  a  few  miles  above  the  mouth  of 
this  stream,  and  extending  south  to  the  main  line  of  the 
Baltimore  and  Ohio  Railroad.  It  is  a  long  anticline,  four 
and  a  half  miles  from  north  to  south.  The  two  sides  of  the 
fold  expose  the  Stones  River  in  two  belts  which  unite  at  the 
north  and  at  the  south  and  then  disappear,  dipping  under  the 
Chambersburg,  which  also  in  turn  disappears  beneath  the 
Martinsburg  Shale. 

Along  the  center  of  the  fold,  the  Beekmantown  Lime- 
stone outcrops.  Minor  synclinal  folds  bring  the  Chambers- 
burg down  into  the  Stones  River  at  the  south.  The  com- 
bined width  of  outcrop  of  the  two  belts  is  about  800  feet. 
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The  Lower  division  is  absent,  but  both  the  Middle  and  Upper 
Series  are  well  shown.  The  Upper  limestones  in  these  out- 
crops are  very  pure,  low  in  silica,  and  high  in  carbonate  of 
lime.  Large  quarries  are  in  operation  on  this  belt  near  the 
railroad,  while  two  of  the  large  steel  companies  and  another 
limestone  company  own  tracts  of  this  land  so  far  undeveloped. 

In  the  southwestern  corner  of  Jefferson  County  just  east 
of  Opequon  Creek,  an  anticlinal  fold  brings  to  the  surface  the 
Stones  River  Limestone  over  a  length  of  two  and  three- 
fourths  miles.  The  Lower  series  is  here  absent,  and  the 
Middle  with  its  black  flints  is  well  exposed.  The  Upper 
series  of  pure  limestone  outcrops  with  good  width. 

A  long,  but  discontinuous  outcrop  of  Stones  River  fol- 
lows the  eastern  side  of  the  Chambersburg  belt  from  the 
mouth  of  Opequon  at  the  north,  southward  past  Grecnsburg, 
Van  Clevesville,  to  near  the  Van  Metre  Schoohhouse,  a  dis- 
tance of  eight  miles.  It  is  exposed  again  at  Leetown  and 
extends  three  miles  south.  The  width  of  this  outcrop  is  100 
to  250  feet,  and  it  has  the  appearance  of  Middle  .Stones  River, 
with  a  number  of  very  pure  ledges. 

Two  small,  narrow  outcrops  of  this  formation  are  found 
on  the  folds  to  the  west  of  Middleway.  A  short  fold  exposes 
the  Upper  Stones  River  Limestone  on  Whitings  Neck  in  the 
northeastern  corner  of  Berkeley  County,  where  the  limestone 
is  quite  pure. 

The  Stones  River  Limestone  is  thus  practically  confined 
in  outcrop  to  Berkeley  County.  The  only  exceptions  are  at 
Leetown,  the  small  outcrops  near  Middleway,  and  near  the 
Opequon  in  the  southwestern  corner  of  Jefferson  County, 
Here  and  there  over  this  latter  county,  very  pure  limestones 
arc  found  and  reported  as  at  the  same  horizon  as  at  Martins - 
burg.  The  stone  from  these  belts  has  a  very  similar  appear- 
ance to  the  Upper  Stones  River,  though  they  usually  run 
higher  in  silica,  Imt  their  stratigraphy  places  them  in  the 
underlying  Beekmantown. 

This  review  of  the  Stones  River  Limestone  outcrops 
shows   that    they    occur   in    l<m^    narrow   belts,   and    that    their 

total  area  is  small,  Imt  the  available  tonnage  of  pure  lime- 
stone of  low  silica  is  very   large.     They  represent  the  most 
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valuable  mineral  asset  in  the  entire  area;  and  at  the  present 
time  only  a  fraction  of  the  available  quarry  area  is  utilized. 
They  represent  the  largest  deposits  of  low  silica  limestone 
in  this  country.  The  quarry  industry  of  this  belt  is  as  yet 
in  its  infancy  and  there  is  sure  to  result  a  great  future  growth. 
CORRELATION. — Fossils  are  found  in  a  number  of  the 
Stones  River  ledges  in  the  Martinsburg  area,  but  they  are  so 
broken  that  it  is  difficult  to  identify  them.  In  the  Chambers- 
burg  area,  Stose  collected  the  following  fossils  as  identified 
by  Ulrich  (Jour,  of  Geol.,  Vol.  XVI,  p.  709)  which  appear  to 
be  characteristic  of  the  Chazy  of  New  York : 

Stromotocerium  sp.  nov.  Dincrthis  cf.  platys. 

Tetradhim    "  syringoporoides" —  Slrophomena  aff.  S.  charlottae. 

the  single  tubed  form  very  char-  Bucania  sulcatina. 

acteristic   of   this   formation.  Maclurca  magna. 

Gyptocystitcs   sp.    undet.  Lophospira   bicincta. 

Lingulella   ?  belli   (Billings).  Isochilina    cf.    amiana. 

Hcbertclla  borealis.  Ampyx  halli. 
Hebertella  vulgaris. 

Near  Martinsburg,  Stose  and  Ulrich  collected  the  follow- 
ing from  the  lower  beds : 

Solenopora    compacta  var.  Lophospira  cf.  perangulata. 

Cyrtodonta  sp.  nov.  Helicotoma  ?  sp  nov. 

Matheria  sp.  nov.  Oncoceras  f  sp.  undet. 

Liospira  cf.   obtusa.  Leperditia  fabulites. 

The  fossils  and  rock  characters  led  Mr.  Ulrich  to  cor- 
relate the  formation  with  the  Stones  River  of  Tennessee,  and 
this  name  is  used  in  the  present  Report. 

The  Stones  River  Limestone  was  named  by  J.  M.  Safford 
in  1856  and  he  states  (Bull.  Geol.  Soc.  Amer.,  Vol.  13,  p.  12) 
"it  was  made  to  include  certain  bluish,  dove-colored  lime- 
stones, in  all  about  300  feet  thick,  and  outcropping  along  the 
course  of  the  Stones  River  in  Rutherford  County,  Tennessee, 
and  the  lowest  (Ordovician)  beds  to  be  seen  in  the  central 
part  of  the  state."  He  in  1869  substituted  the  name  Lebanon, 
but  the  name  of  Stones  River  was  revived  by  Winchell  and 
Ulrich  and  is  now  in  general  use.  The  Stones  River  of  Safford 
in  Tennessee  includes  the  following  groups : 

[  Lebanon. 
Stones   River. ...  J  Ridley. 
|  Pierce. 
[  Murfreesboro. 
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The  group  is  represented  in  New  York  in  part  by  the 
Chazy. 

THE  BEEKMANTOWN  LIMESTONE. 

Below  the  Stones  River  Formation  is  a  series  of  magne- 
sian  limestones,  with  beds  of  quite  pure  carbonate  rock,  dolo- 
mites, and  cherts,  which  have  been  correlated  with  the  Beek- 
mantown  of  Pennsylvania  and  New  York.  In  the  present 
work  of  mapping  this  formation  in  the  eastern  Panhandle  area, 
the  top  of  the  Beekmantown  is  taken  at  the  top  of  the  stratum 
of  magnesian  limestone  containing  the  cauliflower  cherts, 
thus  following  the  work  of  Bassler  in  Maryland. 

This  cauliflower  chert  horizon  is  usually  well  exposed, 
and  is  fairly  continuous  across  the  Beekmantown  outcrop, 
and  it  forms  a  clear  mark  for  the  separation  of  the  Beekman- 
town from  the  Stones  River.  Below  this  horizon  are  mag- 
nesian limestones  usually  dark-blue  to  bluish-gray  in  color, 
hard  and  compact,  grading  into  true  dolomites.  Associated 
with  these  dolomites  at  certain  horizons  are  large  quantities 
of  platy  and  rounded  yellow  to  white  cherts.  Along  the  line 
of  outcrop  of  these  chert  horizons,  the  fields  are  often  a  mass 
of  these  plates  and  balls  strewn  like  cobblestones,  and  very 
large  piles  of  them  are  seen  here  and  there  in  the  fields  and 
along  fence  rows  where  they  have  been  piled  from  clearing 
the    land. 

One  of  these  chert  belts  follows  a  line  trending  southwest 
from  the  Potomac,  and  passes  about  half-way  between  Falling 
Waters  and  Spring  Mills.  By  the  weathering  and  solution 
of  the  limestones,  the  cherts  are  left  as  residual  masses 
through  the  soil.  They  are  sometimes  in  the  form  of  yellow 
platy  blocks,  and  again  they  are  rounded  balls  which  are  quite 
brittle  and  white  inside  covered  with  a  brownish  sandy  sur- 
face. Cryptozoon  cherts,  possibly  of  the  Cryptozoon  stceli 
variety,  are  also  common,  and  sometimes  reach  a  size  of  one 
or  two  feet  diameter.  While  the  cherts  appear  at  various 
parts  of  the  formation,  there  are  two  well-defined  horizons, 
one  just  above  the  Stonehenge  member,  and  the  other  750  to 
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800  feet  higher.  The  chert  outcrops  usually  form  low  ridges 
across  the  country. 

Through  the  Beekmantown  Formation  occur  belts  of 
very  pure  carbonate  limestone,  quite  low  in  silica,  often  dove- 
colored  and  with  smooth  fracture,  resembling  very  closely  the 
pure  rock  of  the  Upper  Stones  River.  Such  belts  are  often 
mistaken  by  the  owners  and  quarrymen  for  the  Stones  River, 
and  they  are  held  at  high  prices  for  sale  as  low  silica  lime- 
stone. While  they  are  very  good  limestones,  unfortunately 
they  vary  in  composition  over  small  distances  and  have  a 
higher  silica  average  than  the  Stones  River,  so  that  they  sel- 
dom can  stand  the  rigid  tests  for  open-hearth  steel  use.  A 
few  of  these  belts  are  found  in  Berkeley  County  and  some 
large  belts  occur  at  a  number  of  places  in  Jefferson  County. 
They  should  prove  valuable  for  blast-furnace  flux,  lime,  and 
cement,  but  it  is  very  doubtful  if  they  would  ever  find  any 
sale  for  use  at  the  open-hearth  steel  plants,  until  the  purer 
Stones  River  Limestones  of  the  Martinsburg  district  are  ex- 
hausted. 

The  main  portion  of  the  Beekmantown  consists  of  dolo- 
mites rather  high  in  silica,  and  magnesian  limestones.  The 
basal  portion  of  the  formation  has  a  very  different  appear- 
ance'from  the  upper  portion,  and  it  has  been  given  the  name 
of  Stonehenge  by  Stose  in  the  Chambersburg  area.  It  con- 
sists of  siliceous  banded  and  ridged  limestones  with  the  ridges 
usually  cross-connected  giving  a  honeycomb  effect,  and  asso- 
ciated with  oolites  and  edgewise  conglomerates,  thus  resem- 
bling very  much  the  underlying  Conococheague  Limestone. 
It  does  not  contain  Cryptozoon,  and  does  carry  fossil  shells, 
trilobites,  etc.  The  thickness  of  this  member  is  400  to  600 
feet,  and  its  outcrop  is  very  distinct  but  if  often  requires  care- 
ful study  to  separate  it  from  the  underlying  formation. 
Usually  the  platy,  buff  to  brown  sandstone  near  the  top  of 
the  Conococheague  can  be  followed  and  thus  give  a  good  clue 
to  the  line  between  the  two  formations.  Above  the  Stone- 
henge in  the  northern  Berkeley  County  outcrops,  there  is  a 
belt  of  black  flints  well  exposed  near  Prospect  Hill  and  near 
the  forks  of  the  road  one  and  a  half  miles  west  of  Falling 
Waters. 
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The  Beekmantown  Formation  was  first  separated  from 
the  Shenandoah  Limestone  group  and  identified  b)^  Stose  in 
Pennsylvania  (Mercersburg-Chambersburg  Folio).  He  gives 
the  following  composite  section  of  the  Beekmantown  Lime- 
stone as  measured  by  himself  and  Ulrich  near  Chambersburg, 
Pennsylvania : 

Beekmantown  Section  near  Chambersburg,  Pa. 
(Ulrich  and  Stose). 

Feet. 

Interbedded  fine-grained  pure  limestones  and  mag- 
nesian  limestones  finely  laminated  in  part,  and 
containing  small  quartz  geodes.  Porous  sandy 
chert  near  top 600 

Alternating  pure  dove  and  gray  limestones  and  mag- 

nesian  limestones  with  layers  of  sandy  chert..   375 

Bluish  to  dove,  fine-grained  limestone,  fossiliferous .   100 

Pink,  fine-grained  marble,  containing  layers  of  milky 
quartz  chert.  Gasteropods  of  genus  Ophileta, 
Maclnrea  and  Eccylioptcrus  rather  abundant...   275 

Pure  dove  and  blue,  fine-grained  limestone  with 
some  pink  limestones.  Contains  fragments  of 
Trilobites 285 

Fine-grained  dove  to  dark-gray  limestone  with  fine 
conglomeratic  and  oolitic  beds.  Abundant 
chert  in  upper  portion,  in  part  oolitic  and  con- 
glomeratic       145 

Fine-grained  light-  to  dark-gray  limestone  containing 
contorted  laminae  of  sandy  matter,  that  stand  in 
relief  or  fall  to  sandy  shale  on  weathering,  and 
thick  beds  of  "edgewise"  conglomerate.  Con- 
tains Gasteropods  in  upper  portion,  and  fine 
fragments  of  Trilobites  in  lower  part.  This  and 
the  next  member  form  the  Stonehenge  Member.   225 

Dark-  to  light-gray  limestone  with  sandy  laminae 
less  developed  than  in  overlying  beds.  Con- 
tains Orthis,  Ophileta,  and  Trilobite   fragments  .  .  260     2265 


The  thickness  in  West  Virginia  appears  to  be  around  2,000 
feet.  The  following  section  was  measured  west  of  the  Wil- 
liamsport  Pike,  one  mile  west  of  Berkeley  Station,  and  shows 
a  thickness  of  2,110,  with  the  Stonehenge  Member  500  feet 
thick  : 
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Beekmantown  Section  West  of  Berkeley   Station. 

Feet. 

Bluish-gray  limestone  with  fossils,  cauliflower  cherts 

at   top 280 

Dark-blue    limestone    more    or    less     foliated     and 

veined,  also  shows  mottled  surfaces 195 

Dark-blue     to     bluish-gray     limestone,     irregularly 

seamed 245 

Dark-blue  limestone  in  solid  ledges 250 

Limestone  with  raised  ridges  but  not  siliceous,  and 

some  indistinct  "edgewise"  beds 240 

Foliated  and  wavy  lined  limestone,  dark-blue 400 

Siliceous  banded  limestone  with  oolite  and  "edge- 
wise",   Stonehenge 500     2110 

North  on  the  Potomac  River  to  the  west  of  the  Pitts- 
burgh Limestone  Company  quarries,  the  thickness  of  the  Beek- 
mantown is  about  2,400  feet,  with  its  Stonehenge  Member 
465  feet.  A  section  of  the  upper  beds  of  the  formation  was 
measured  one  mile  east  of  Foltz : 

Section  of  Beekmantown  Near  Foltz. 


Feet. 

Bluish  gray   limestone 105 

Dark-blue    limestone 70 

Blocks  of  loose  platy  cherts  and  limestone  concealed     60 

Light-gray  limestone   fairly   pure 150 

Blue  solid  ledges  limestone , 225 

Dolomite  ledges  and  chert  masses 72 

Compact  dark-blue  limestone  weathers  light-blue  to 

nearly    white 60 

Light-gray,  compact  dolomite  and  cherts 64 

Concealed  but  ground  full  of  chert  masses,  mostly 

small    70 

Bluish-gray  limestone,  striated,  white  flints 100 

Light-gray  limestone,  fairly  pure  carbonate 10 

Light-gray  dolomite  containing  streaks  of  pure  lime- 
stone          56 

Dolomite  with  small  white  a,nd  yellow  chert  blocks     35 
Light-gray  pure  dolomite,  compact  in  texture 25     1102 


West  of  Hainesville  the  thickness  appears  to  be  about 
2.290  feet,  with  the  Stonehenge  Member  500  feet.  Northwest 
of  Nipetown,  the  Stonehenge  is  554  feet  with  a  chert  horizon 
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above  it,  and  another  chert  horizon,  375  feet  thick,  750  to  800 
feet  above  the  Stonehenge.  On  the  road  south  from  the 
mouth  of  the  Opequon  east  to  Whitings  Neck,  the  following 
section  was  measured: 

Section  of  Beekmantown  West  of  Whitings  Neck. 

Feet. 
Blue  limestone  full  of  small  cherts,  some  high-grade 

ledges    105 

Fairly  high-grade  limestone  with  some  pink  to  blue 

marble    210 

Blue,    compact    limestone    with    cherts    and    chert 

gravel 75 

Bluish-gray  dolomite  with  cherts  and  some  breccia. .     45 

Blue  limestone  and  small  chert  balls 200 

Blue  limestone,   shows   some  veining  and  mottling 

on    surface 150 

Bluish-gray  dolomite  with  pink  veined  ledges 75 

Gray  limestone  with  cherts  and  some  breccia 100 

Gray   dolomite,    fairly   high-grade 15 

Blue  limestone  veined  and  abundant  cherts 85 

Blue  limestone  weathers  in  smooth  rounded  ledges.  170 

Flaggy,   blue   limestone,  wavy  lined 80 

Compact  blue  limestone,  veined  with  wavy  lines...   170 
Compact   blue   wavy  lined   and        ] 

mottled    surfaces 290'  | 

Hard  blue  ridged  limestone.  .  .115    [Stonehenge   ...   590 
Slabby  dark-blue  limestone....   60    f 
Siliceous   banded   limestone  , 

breaks    flaggy 125  J 

2070 


OUTCROPS. — The  Beekmantown  Limestone  outcrops 
cover  broad  areas  in  Berkeley  and  Jefferson  Counties.  One 
belt  in  Berkeley  County  extends  from  the  Potomac  north- 
west of  Falling  Waters,  southwest  by  Nipetown,  Cumbo, 
Martinsburg,  Inwood,  and  Bunker  Hill,  to  the  State  Line, 
with  an  average  width  of  one  and  a  half  to  two  miles.  Small 
elongated  outcrops  occur  west  to  North  Mountain  in  synclinal 
folds  in  the  Conococheague,  as  at  Prospect  Hill,  near  Spring 
Mills,  Harland  Spring,  to  the  south  of  Hedgesvillc-,  and  near 
I  rerrardstown. 

In  the  broad  bell  of  Beekmantown,  the  upper  chert  hori- 
zon is  well  exposed  and  makes  an  almost  continuous  line  of 
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outcrop  forming  ridges  and  hills.  Along  this  chert  outcrop, 
the  limestone  shows  only  as  ledges  here  and  there  of  bluish- 
gray  bouldery  cliffs.  The  cherts  are  found  at  the  triangle  of 
the  roads  one  and  three-fourths  miles  northwest  of  Falling 
Waters,  and  from  there  can  be  followed  south  across  the 
fields  and  on  the  roads  to  the  railroad  east  of  Cumbo  Yard. 
The  cherts  continue  along  this  belt  to  the  Virginia  line. 
They  are  platy  and  round,  yellow  and  white  blocks,  and  some 
of  them  are  balls  of  Cryptozoon  in  concentric  laminse.  In 
places  blocks  of  brown  hematite  iron  ore  are  associated  with 
this  horizon,  as  east  of  Harland  Spring,  east  of  Cumbo  and 
near  Cumbo  Yard. 

In  this  area  another  chert  horizon  occurs  in  the  basal 
portion  of  the  formation  above  the  Stonehenge,  in  the  form  of 
blocks  and  balls  of  black  flint.  At  the  top  of  the  Beekman- 
town  is  a  dark-blue  limestone  carrying  numerous  balls  of 
cauliflower  yellow  cherts. 

At  the  base  of  the  formation  is  a  hard,  wavy-bedded  and 
siliceous  banded  and  ridged  limestone  which  closely  resem- 
bles the  underlying  Conococheague.  It  contains  breccia  of 
limestone  pebbles  which  are  often  set  oblique  to  the  bedding 
forming  the  so-called  "edgewise  beds",  also  masses  of  oolite. 
In  many  places  these  strata  are  fossiliferous.  This  portion 
was  named  by  Stose  the  Stonehenge  Member  of  the  Beek- 
mantown,  and  in  this  area  it  is  about  500  feet  thick.  Its  out- 
crop is  found  along  the  Conococheague  contact,  and  by  fold- 
ing it  is  brought  to  the  surface  along  various  lines  within  the 
area.  The  ridges  in  the  limestone  by  weathering  project  a 
fourth  to  half  inch,  and  they  are  very  hard  and  siliceous, 
usually  dark  in  color  and  run  very  irregular  with  and  across 
the  bedding  giving  a  honeycomb  structure.  The  edgewise 
conglomerate  is  usually  in  the  form  of  small,  more  or  less 
rounded  pebbles  of  limestone,  or  in  other  exposures,  the  peb- 
bles are  elongated.  The  oolite  is  similar  to  that  in  the  lower 
group  or  Conococheague. 

In  the  main  portion  of  the  Beekmantown,  the  limestones 
are  usually  dark-blue  to  bluish-gray,  and  more  or  less  banded. 
In  many  cases  there  is  a  brecciated  surface  which  resembles 
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somewhat  the  Cryptozoon  structure.  Again  the  rock  is  a 
brecciated  mass  of  pebbles  more  or  less  parallel  to  the  bedding- 
planes.  Magnesian  limestones,  often  almost  typical  dolomites, 
are  found,  but  they  usually  run  high  in  silica. 

Most  of  the  limestones  of  the  formation  run  high  in  silica 
and  magnesia,  but  fairly  pure  limestones  are  found  which  in 
color,  structure,  and  composition  are  so  similar  to  the  pure 
limestone  of  the  Upper  Stones  River  that  they  can  not  be 
separated  in  hand  specimens.  An  outcrop  of  these  high- 
grade  ledges  along  the  Potomac  near  Whitings  Neck  is  re- 
markable for  its  resemblance  to  the  high-grade  Stones  River, 
but  the  average  composition  shows  a  higher  percentage  oi 
silica  and  magnesia.  Other  belts  of  this  limestone  are  found 
along  the  Potomac  west  of  Millers  Bend,  where  there  is  a 
series  of  gray  to  white  high-grade  limestones  interbedded  with 
siliceous  blue  ledges. 

A  second  belt  of  the  Beekmantown  Limestone  outcrops 
east  of  Opequon  Creek  from  the  mouth  of  the  Opequon  east 
to  Whitings  Neck,  thence  southwest  by  Van  Clevesville,  Kear- 
neysville,  Leetown,  and  Summit  Point  to  the  Virginia  Line. 
This  belt  has  a  width  at  the  north  of  over  two  miles,  and 
nearly  four  miles  at  the  south.  Small  areas  occur  to  the  west 
of  this  belt  on  folds.  The  Stonehenge  Member  is  well  ex- 
posed through  this  outcrop,  and  the  cherts  are  similar  to  the 
western  outcrops. 

The  pure  limestone  ledges  outcrop  a  half  mile  west  of 
Scrabble,  just  west  of  the  church,  where  there  are  four  belts 
of  the  higher-grade  limestone  separated  by  belts  of  the  blue 
more  impure  rock.  These  belts  vary  in  thickness  from  18  to 
185  feet  with  a  total  thickness  of  365  feet  of  fairly  good  rock. 

Another  belt  of  this  grade  limestone  over  300  feet  wide 
is  seen  on  the  east  and  west  road,  three-fourths  mile  south- 
'  1  oi  the  Wiltshire  Schoolhouse,  or  about  four  miles  north- 
west of  ( 'harlestown.  This  belt  extends  north  and  south 
of  this  road  for  over  a  mile  in  length.  A  similar  belt  out- 
crops  a  half  mile  northwest  of  Kearneysville,  and  it  crosses 
the  Baltimore  and  Ohio  Railroad  aboul  a  mile  west  of  this 
town.     One  and  a  half  miles  west  of  Summit    Point  is  another 
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outcrop  of  this  grade  of  limestone.  Other  similar  belts  will 
probably  be  found  in  this  formation.  Dolomites  in  almost 
typical  composition  except  for  high  silica  are  to  be  found 
over  the  Beekmantown  areas  and  should  prove  valuable  for 
lime.  They  are  found  along  the  Potomac  River  west  of 
Millers  Bend,  also  to  the  south  and  east  of  Marti  nsburg,  arid 
along  the  road  a  mile  and  a  quarter  west  of  Charlestown 
Careful  search  would  add  to  this  list  of  localities. 


CHAPTER  XII. 


THE  CAMBRIAN  PERIOD. 


The  name  Cambrian,  derived  from  the  old  Latin  name 
for  Wales,  was  given  by  Sedwick  in  England  in  1835  to  in- 
clude the  basal  fossil  rocks  of  the  Paleozoic  System.  In  the 
United  States  it  is  divided  into  three  groups : 

Upper  or  Saratogan — named  from  Saratoga  Springs. 

Middle    or   Acadian — from   an   old    Canadian    name    for   the   Nova 

Scotia  district. 
Lower  or  Georgian — named  from  the  town  of  Georgia,   Vermont. 

In  the  Maryland  and  West  Virginia  areas,  the  following 
subdivisions  are  recognized  in  the  Cambrian  rocks : 

Upper  Cambrian  or  Saratogan — Conococheague  Limestone. 

Middle   Cambrian    or  Acadian — \  Elbrook  Formation. 

I  Waynesboro   Formation. 

f  Tomstown  Limestone. 
|  Antietam  Sandstone. 
Lower  Cambrian  or  Georgian — \  Harpers   Shale. 

|  Weverton  Sandstone. 
[  Loudoun  Formation. 

CONOCOCHEAGUE  LIMESTONE. 


Below  the  Bcekmantown  Limestone  of  the  Ordovician 
period  is  a  group  of  siliceous,  more  or  less  magnesian,  lime- 
stones, characterized  by  a  scries  of  siliceous  hard  hands  which 
by  wc'tili-Ting  project,  giving  a  distinct  ridged  appearance  to 
the  outcrop.  The  limestone  was  named  by  Stose  in  the 
Mercersburg-Chambersburg  Folio,  the  Conococheague  Lime- 
stone Erom  iis  good  exposures  on  the  creek  of  that  name.    The 

ridges  arc  usually   wavy  and   contorted   and   may  be  a    fraction 

of  -'Hi  inch  aparl  and  again  two  or  three  inches  apart  and  run 
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to  one  or  two  inches  thick.  They  are  usually  darker  in  color 
and  more  glassy  in  texture  than  the  limestone  and  thus  are 
very  prominent. 

Near  the  top  occur  sandstone  inclusions  and  sandstone 
blocks  varying  in  size  up  to  one  and  a  half  feet  across,  which 
on  weathering  of  the  limestone  are  left  as  residual  masses 
over  the  fields  in  the  form  of  soft,  coarse-grained,  buff  sand- 
stone blocks  more  or  less  tabular  and  with  open  spaces  from 
which  limestone  inclusions  have  dissolved  out. 

In  a  number  of  places  this  horizon  is  marked  by  con- 
tinuous ledges  of  reddish-brown,  striated  or  banded  sandstone, 
which  weathers  into  soft,  slabby  blocks.  Near  such  outcrops 
which  usually  form  ridges,  the  fields  are  covered  with  these 
sandstone  blocks,  and  the  soil  is  sandy.  This  sandstone  is 
well  exposed  on  the  road  from  dam  No.  5  on  the  Potomac, 
south  for  over  a  mile.  Near  the  river  on  this  road,  the  lime- 
stone contains  sandstone  inclusions,  some  of  which  have 
weathered  out  and  are  scattered  along  the  road  and  fields  west 
to  Prospect  Hill. 

The  top  of  the  Conococheague  Formation  is  placed  above 
this  sandstone,  while  the  base  is  taken  at  the  top  of  the  buff, 
shaly  limestones  and  cherts  of  the  underlying  Elbrook,  and 
below  the  siliceous  banded  limestones  with  their  edgewise 
beds  and  oolite. 

Another  characteristic  of  many  of  these  limestones  is  a 
limestone  pebble  conglomerate,  composed  of  rounded  or  angu- 
lar, lighter-colored  pebbles  in  a  darker  matrix.  In  other 
ledges,  the  included  pebbles  are  elongated,  prismatic,  set  at 
various  angles,  forming  the  "edgewise  beds"  of  Stose.  In 
some  blocks  there  is  a  solid  mass  of  these  edgewise  inclusions 
making  a  striking  and  beautiful  surface  appearance. 

Beds  of  oolite  or  "eggstone"  made  up  of  small  rounded 
concretions  of  limestone,  like  a  mass  of  fish  eggs,  are  found 
throughout  the  formation.  These  oolitic  structures  are  now 
regarded  as  due  to  the  action  of  bacteria  secreting  lime  and 
forming  large  masses  of  limestone,  which  fact  may  account  in 
part  for  the  great  thickness  of  the  Cambrian  limestones  in 
this  area.     While  the  edgewise  conglomerate  and  oolite  are 
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found  in  the  basal  portion  of  the  Beekmantown,  they  are  much 
more  abundant  and  characteristic  of  the  Conococheague. 

Associated  with  the  lower  beds  are  irregular,  scoriaceous 
cherts,  almost  lava-  or  slag-like  in  structure.  Some  of  these 
cherts  are  composed  of  pipes  filled  with  white  quartz,  and 
more  or  less  open  and  interlocking,  giving  a  honeycomb  ap- 
pearance. Some  of  these  cherts  are  three  feet  in  diameter, 
but  they  are  usually  six  to  ten  inches  across.  In  certain 
localities,  as  west  of  Shepherdstown  they  are  very  abundant. 
They  are  dark-colored  almost  black,  but  when  broken  they 
are  white  to  brownish-white,  and  often  much  iron-stained. 
While  these  cherts  are  found  in  the  basal  beds,  they  also  occu 
through  the  formation,  and  large  masses  are  found  near  the 
top,  to  the  south  of  Shenandoah  Junction. 

Another  characteristic  structure  of  the  Conococheague 
Limestones  is  the  Cryptozoon  which  has  a  concretionary 
structure,  but  is  regarded  by  most  authorities  as  a  fossil. 
It  has  a  concentric,  laminated  structure  in  round  or  oblong 
masses,  single  or  double,  and  varying  in  size  from  less  than 
an  inch  to  several  feet  in  diameter.  By  weathering,  the  agate- 
like bandings  of  this  fossil  are  clearly  shown,  and  the  form's 
are  very  abundant  at  many  localities.  Beautiful  specimens 
are  found  in  the  vicinity  of  Little  Georgetown ;  also  in  the 
Baltimore  and  Ohio  Railroad  cuts  three-fourths  mile  south  of 
North  Mountain  Station,  where  the  Cryptozoon  is  associated 
with  edgewise  beds ;  also  in  the  cut  across  the  end  of  North 
Mountain  on  the  low-grade  railroad  along  the  Potomac.  In 
the  railroad  and  county-road  cuts  of  this  area  some  of  the 
Cryptozoon  forms  are  very  large.  Good  specimens  are  seen 
northwest  of  Shepherdstown,  and  in  the  Conococheague  out- 
crop west  from  Bunker  Hill.  Probably  the  most  characteristic 
form  is  the  Cryptozoon  prolifervm  in  which  the  fossil  is  a 
mass  of  rounded  or  angular,  small  sections  crowded  together. 

While  many  of  the  limestones  of  this  formation  are  char 
acterized  by  the  siliceous  banding,  there  are  also  ledges  <>l 
marble,  pure  carbonate  limestone,  and  shaly,  llaggy  layers. 
In  tin-  lower  part  of  the  formation  is  a  stratum  of  very  pure 
limestone  which  can  !><•  traced  through  the  Jefferson  County 
outcrop.      West   of    Spring    Mills    toward    North    Mountain    is 
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a  very  shaly  limestone  series  that  resembles  the  Elbrook; 
Formation,  and  which  is  illustrated  by  the  following  section 
which  could  be  almost  duplicated  at  a  number  of  other  places 
in  the  two  counties. 

Section  of  Shaly  Limestone  Beds  in  Conococheague. 

Feet. 

Solid  ledge   grayish-black   limestone 3 

Shaly   gray  limestone,   weathers   buff 22 

Solid   ledge   limestone,    cross-jointed 5 

Shaly  bluish-gray  limestone 14 

Solid   limestone,   foliated 3 

Shaly  limestone  weathers  to  shales 40 

Solid  ledge  limestone  but  breaks  shaly 4 

Flaggy  bluish-gray  limestone 12 

Flaggy  limestone  with  honeycomb  structure 5 

Shaly    limestone 26 

Solid  ledge  sandy  limestone 8 

Shaly    limestone 7 

Strongly  foliated  limestone  breaks  nodular 36 

Shaly    limestone 16 

Solid  ledge  limestone 3 

Shaly  limestone  and   shales 55 

Solid    grayish-black    limestone 7 

Solid  limestone  breaks  into  plates 5 

Solid   limestone,   foliated 18 

Solid    grayish-blue    limestone 3 

Foliated   and    shaly   limestone 5 

Solid   limestone 12 

Shaly    limestone 5 

Solid  limestone,  strongly  foliated 12     326 

Shaly  limestone   in  the  valley. 

The  middle  and  upper  portions  of  the  formation  form 
solid  ledges  of  bluish-gray  to  nearly  black  limestone  which 
still  show  the  contorted  lamination  and  ridged  surfaces,  and 
there  are  also  outcrops  of  gray  to  bluish-gray  and  buff 
dolomites. 

The  ledges  of  marble  are  found  at  several  places  in  the 
lower  part  of  the  formation.  They  are  light-gray  to  buff  in 
color  with  a  pink  tinge,  and  break  in  compact  blocks  with 
smooth  surfaces.  They  were  seen  in  the  eastern  outcrop  in 
Jefferson  County  east  of  Shepherdstown  and  other  places. 
At  the  river  just  east  of  this  town  on  the  county  road  there 
is  an  outcrop  of  marble  conglomerate  with  elongated  pink 
angular   inclusions   in    a   glassy   white    matrix.      Vein-quartz 
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nuggets  occur  through  the  lower  portion  of  the  formation, 
but  these  are  not  abundant. 

The  thickness  of  the  formation  in  the  Chambersburg 
Pennsylvania,  area,  according  to  Stose,  is  about  1,600  feet, 
tn  the  northern  portion  of  Berkeley  County  near  the  Potomac, 
the  thickness  is  about  1,800  feet,  and  1,600  to  1,800  in  several 
sections  in  Jefferson  County. 

In  this  area  no  complete  sections  were  made,  but  the 
following  partial  sections  show  the  character  of  the  basal  and 
top  portions.  The  first  section  was  made  in  the  cut  along  the 
low-giade  line  of  the  Baltimore  and  Ohio  Railroad,  one  mile 
southeast  of  North  Mountain  Station.  It  shows  555  feet  of 
the  basal  beds : 

Section  of  the  Basal  Beds  of  Conococheague,  West  of  Cumbo. 

Feet. 
Dark-blue  limestone  some  shaly  layers,  full  of  Crypto- 

zoon,  oolites,  edgewise  beds 25 

Wavy  crumpled  banded  ledges  with  Cryptosoon.  ■  ■  ■  15 
Bluish-gray  with  some  shaly  ledges,  Cryptosoon  pro- 
life  nun    40 

Solid  ridged  ledges  limestone 10 

Shales  and  shaly  limestone 10 

Solid  ledges  irregularly  seamed 22 

Strongly  siliceous  banded  limestone,  and  shales....  41 

Bluish-gray  shaly  limestone 54 

Slabby  or  flaggy  ledges  8  inches  to  1  foot  thick 45 

Solid  blue  limestone,  with  Cryptosoon : 34 

Buff    shaly    limestone 10 

Bluish-gray  limestone  with  large  sized  Cryptozoon- -  30 

Buff   shaly    limestone    and    shales 27 

Solid  ledges  with  Cryptosoon  proliferum  and  oolite..  59 

Bluish-gray  dolomite*  with  Cryptosoon  proliferum----  30 

Buff    shaly    limestone 18 

Solid  ledges  some  oolite,  and  some  quite  pure  lime- 
stone  ledges 36 

Flaggy  buff  limestone 8 

Blocky,  buff  limestone  showing  worm  trails 7 

Shaly    lodges    of   limestone 22 

Bluish-gray  limestone  with  Cryptosoon  praliferuw,*...  12    555 

Elbrook  buff  shaly   limestone. 

Another  section  of  the  top  beds  was  mack'  west  of  the 
Norfolk  and  Western  Railroad  on  the  North  Fork  of  Bullskin 
Run,  three  miles  southwest  of  Charlestown  : 


PLATE  XIX.— Detailed  Structure  in  White  Medina  Sandstone  Cliff  at 
Eades  Fort.  (Photo  from  Pawpaw-Hancock  Folio  of  U.  S.  Geological 
Survey). 
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Section  of  Upper  Beds  of  Conococheague  Near  Charlestown. 

Beekmantown  Limestone.  Feet. 

Ridged  and  siliceous  banded  limestone 10 

Flaggy    limestone    dark-blue    color     10 

Ridged  and  banded  bluish-gray  limestone 55 

Shaly   limestone   and   shales   limy 45 

High-grade  quite  pure  limestone,  gray 10 

Shaly  limestone  and   shales 8 

Dark-blue  veined  limestone 8 

Shaly  limestone  and  limy  shales 45 

Bluish-gray,    slightly   ridged 25     216 

Concealed  to  N.  &  W.  Ry.  track  (1200  feet  tnickness). 

OUTCROPS. — The  Conococheague  Limestone  outcrops 
in  Berkeley  County  to  the  east  of  North  Mountain  in  a 
broad  belt  at  the  Potomac  River  in  the  vicinity  of  Little 
Georgetown,  where  it  is  two  and  a  half  miles  wide.  It  extends 
southwest  across  the  county  with  a  length  of  nearly  twenty- 
four  miles,  and  a  width  on  the  south  at  the  Virginia  Line  of  a 
mile  and  a  half.  The  area  is  somewhat  broken  at  the  north 
by  synclinal  folds  which  bring  the  Beekmantown  to  the  sur- 
face in  long  narrow  outcrops. 

The  formation  is  well  exposed  along  the  Potomac  River 
north  of  Little  Georgetown  in  the  railroad  cuts,  also,  along 
the  Baltimore  and  Ohio  low-grade  line  cuts  from  the  river 
south  to  Cumbo  Yard.  It  is  exposed  in  good  outcrops  on  the 
hills  around  Little  Georgetown  and  at  Spring  Mills  showing 
the  edgewise  beds,  oolites,  and  Cryptozoon  structures.  Fresh 
exposures  are  found  in  the  deep  cuts  of  the  county  road  un- 
der the  railroad  tracks  northwest  of  Cumbo. 

A  small  synclinal  fold  carries  the  Conococheague  in  a 
long,  narrow  stringer  southwest  in  the  Elbrook  along  Tulissus 
Branch  southeast  of  Hedgesville.  Near  Harland  Spring  are 
cliffs  of  this  limestone  with  edgewise  beds  and  Cryptozoon, 
and  to  the  east  of  this  place  a  syncline  of  Beekmantown  ex- 
tends north  past  Prospect  Hill  to  the  river. 

The  formation  just  west  of  this  spring  is  broken  by  a 
long  syncline  with  the  Beekmantown  outcrop.  The  new  exca- 
vations for  tracks  at  Cumbo  Yard  give  fresh  exposures  of 
the  Conococheague  Limestone,  which  is  also  well  exposed 
on  the  main  line  railroad  to  the  south,  where  the  siliceous 
banding  projects  nearly  a  half  inch  above  the  surface  of  the 
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stone.  The  edgewise  beds  are  also  well  shown,  and  some 
ledges  show  ripple-marks  and  sun-cracked  surfaces. 

The  limestones  of  this  formation  are  usually  dark-blue 
to  black  in  color,  with  ledges  of  bluish-gray.  They  are  usually 
hard  and  solid;  but  flaggy,  shaly  ledges  occur  which  weather 
to  shales.  The  siliceous  banding  is  very  characteristic,  as  well 
as  Cryptozoon,  oolitic,  and  edgewise  conglomeratic  structures. 
Near  the  Potomac,  and  to  the  east  and  south  of  North  Moun- 
tain Station,  some  very  large  balls  of  Cryptozoon  are  seen, 
reaching  two  to  three  feet  in  diameter.  Scoriaceous,  dark- 
colored  cherts  and  nuggets  of  white  vein-quartz  occur  here 
and  there,  especially  in  the  lower  part  of  the  formation. 
Ledges  of  very  pure  gray  limestone  are  also  found,  which  are 
similar  to  those  in  the  Beekmantown. 

The  base  of  the  formation  is  placed  just  above  the  shaly 
buff  limestones  of  the  Elbrook.  A  sandstone  outcrop  is 
found  near  this  horizon  at  a  few  places,  but  it  does  not  appear 
to  be  continuous.  It  is  well  exposed  just  northwest  of  Arden. 
A  small  outcrop  of  Conococheague  Limestone  with  Crypto- 
zoon proliferum,  oolite,  and  "edgewise"  beds,  is  found  in  a 
synclinal  area  near  the  south  line  of  the  county  east  of  North 
Mountain,  and  east  of  Mill  Creek,  and  it  extends  north  to 
Gerrardstown. 

The  Conococheague  Limestones  are  found  again  in  the 
eastern  portion  of  Jefferson  County  extending  in  an  unbroken 
belt  from  the  north  line  of  the  county  from  Scrabble  east 
across  Terrapin  Neck,  thence  southwest  across  the  entire 
county.  The  length  of  this  outcrop  is  21  miles,  with  a  width 
of  three  miles  at  the  north,  and  about  a  half  mile  at  the  Vir- 
ginia Line.  Its  boundaries  are  more  regular  than  in  Berkeley 
County,  and  it  does  not  seem  to  be  broken  by  folds  deep 
enough  to  bring  the  Beekmantown  through  it  to  the  surface. 

In  the  northwestern  portion  of  the  area  are  the  siliceous 
banded  and  ridged  limestones,  and  scoriaceous  cherts  which 
reach  a  large  size.  On  Terrapin  Neck,  on  the  Martinsburg 
Pike,  one  mile  west  of  Sheplierdstown,  and  one  mile  south  oi 
this  (own,  and  west  of  (lie  Shepherd  Schoolhousc,  these  cherts 
are  two  to  three  feet  in  diameter.  Many  of  them  are  com- 
posed   of    pipes    with    the    quartz    filling,    and    they    have    been 
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gathered  from  the  fields  into  large  piles.  Fine  specimens  of 
Cryptozoon  proliferurn  are  found  two  to  three  miles  north- 
west of  Shepherdstown,  also  typical  exposures  of  oolite  and 
"edgewise"  beds.  To  the  west  of  this  town  is  an  outcrop  of 
purplish-gray,  granular,  high-grade  limestone,  with  some 
ledges  wavy-lined  breaking  in  slabby  courses.  Other  ledges 
are  seamed  by  calcite  masses  reaching  one  and  a  half  feet  long 
and  eight  inches  wide,  running  at  right  angles  to  the  bedding- 
planes.  To  the  east  of  town  are  ledges  of  the  marble,  some 
of  which  are  a  breccia.  Three  miles  south  are  ledges  of  very 
pure  limestone  resembling  in  appearance  the  Stones  River 
pure  beds.  This  horizon  is  in  the  lower  portion  of  the  Cono- 
cocheague,  and  the  stratum  is  found  at  a  number  of  places 
further  south. 

Two  miles  north  of  Shenandoah  Junction,  the  platy, 
reddish-brown,  striated  sandstone  outcrops  in  the  road  for 
a  distance  of  three-fourths  mile,  and  it  is  there  taken  as  the 
top  of  the  formation.  Further  north  the  sandstone  outcrop 
is  not  clearly  exposed,  except  along  the  north  road  just  east  of 
Scrabble. 

Three-fourths  mile  north  of  Shenandoah  Junction  is  an 
outcrop  of  the  light-gray  marble.  To  the  south  of  town  are 
siliceous  banded  limestones,  "edgewise"  beds,  and  the  typical 
scoriaceous  cherts.  No  clear  specimens  of  Cryptozoon  were 
found  here,  but  at  a  number  of  places  the  rock  shows  concen- 
tric, wavy  markings  which  resemble  Cryptozoon.  The  sand- 
stone stratum  at  the  top  of  the  formation  is  well  exposed  from 
northwest  of  Charlestown  south  to  the  Virginia  Line. 

The  outcrops  of  the  Conococheague  become  narrow  from 
Charlestown  south  to  the  Virginia  Line.  The  "edgewise" 
beds  are  seen  west  of  Rippon,  but  Cryptozoon  appears  to  be 
absent.  The  thickness  of  the  formation  in  the  southern  part 
of  the  county  east  of  Franklintown  is  1,800  feet.  The  Cono- 
cocheague Limestones  are  quarried  at  a  number  of  places  on 
a  small  scale  for  road  material,  as  west  of  Charlestown,  south- 
west of  Shepherdstown,  and  along  the  various  roads  on  its 
outcrop  in  Jefferson  County.  No  large  quarries  have  ever 
been    opened.      The   hard    siliceous    beds    are    regarded    very 
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highly  for  road  material,  and  this  county  has  the  best  roads 
in  the  State. 

CORRELATION. — No  fossils  are  found  in  this  forma- 
tion in  the  two  counties  except  the  Cryptozoon  forms.  In 
the  Chambersburg,  Pennsylvania,  area,  Stose  collected  from 
the  middle  of  the  formation  a  few  trilobites  {Dikeleocephahis 
Jiartii,  Walcott),  and  an  undetermined  species  of  this  same 
genus,  which  placed  the  horizon  in  the  Saratogan  or  Upper 
Cambrian.  The  Cryptozoon  proliferum  of  the  lower  portion 
of  the  formation  was  described  by  Hall  and  also  by  Walcott 
from  near  the  top  of  the  Upper  Cambrian  of  New  York.  The 
formation  is  therefore  regarded  as  Upper  Cambrian.  Stose 
states  in  the  Chambersburg  Folio  that  the  Knox  Dolomite  of 
Tennessee  includes  strata  equivalent  to  both  the  Beekman- 
town  and  the  Conococheague. 

ELBROOK  FORMATION. 

Below  the  Conococheague  Limestone  is  a  series  of  shaly 
limestones,  and  limy  shales,  with  ledges  of  more  solid  blue  to 
blue-gray  limestones,  which  were  named  by  Stose,  the  Elbrook 
Formation,  from  a  town  in  the  Chambersburg  Quadrangle, 
where  the  more  solid  ledges  were  quarried  for  ballast. 

In  the  eastern  Panhandle  area  of  West  Virginia,  this 
formation  is  typically  exposed  in  two  outcrops,  one  in  Berke- 
ley County,  and  one  in  Jefferson.  The  rocks  are  mainly  buff, 
shaly  limestones  which  soon  break  down  into  platy  shales. 
As  these  outcrops  are  usually  much  weathered,  their  color  is 
light-  to  creamy-buff,  with  very  smooth  surfaces  and  quite 
uniform  texture.  The  shales  vary  from  platy  blocks  to  lino 
flaky  leaves,  and  they  are  found  throughout  the  formation. 
In  unweathered  exposures,  the  color  of  the  limestone  is  blue, 
but  the  solid  ledges  soon  weather  to  shales  and  sections  of  the 
formation  are  difficult  to  obtain. 

Through  ili<'  Elbrook  are  harder,  more  compact  ledges  of 
blue  limestone-,  sometimes  ridged  like  the  overlying  forma- 
tion. The  blue  ledges  are  usually  very  finely  striated  or 
banded,  giving  an  agate  like  appearance,  and  the  rock  splits 
along  these  planes.     Near  the  center  of  the  Elbrook  Forma- 
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tion  are  massive  ledges  of  bluish-gray  dolomite  which  becomes 
a  good  quarry  and -road  material  stone.  This  dolomite  is 
often  ridged,  but  shows  no  "edgewise"  or  oolitic  structures. 

Cherts  are  very  abundant  in  the  Elbrook  and  the  fields 
are  dotted  with  chert  piles  like  in  portions  of  the  Beekman- 
town  outcrops.  They  form  long  rows  along  the  fences  where 
gathered  from  the  fields.  They  are  hard,  white,  yellow,  and 
gray  balls,  seldom  with  any  concentric  structure.  Some  are 
brecciated  masses  of  angular  chert  fragments,  and  a  few  flat, 
platy  cherts  are  found.  The  characteristic  appearance  of  the 
typical  cherts  is  a  waxy  or  dull  lustre  like  chalcedony,  and 
they  are  chalcedonic  cherts.  Some  blocks  of  drusy  quartz 
occur.  Blocks  of  bright-yellow  cherts  with  glistening  quartz 
faces  are  also  characteristic  of  the  formation.  The  chert  balls 
are  usually  six  to  ten  inches  in  diameter,  though  a  few  are 
two  feet  across.  Along  certain  roads,  as  the  north-and-south 
road  south  of  Hedgesville  and  a  mile  west  of  Welltown 
Schoolhouse,  the  cherts  are  very  abundant,  and  they  are  used 
for  road  material. 

The  Elbrook  shaly  belt  with  its  associated  cherts  near 
North  Mountain  is  a  great  orchard  belt,  and  the  outcrop  can 
almost  be  traced  by  the  line  of  orchards.  The  chert  or  flint 
lands  are  claimed  to  be  especially  favorable  for  apples  giving 
a  good  flavor  and  production,  with  a  good  drainage  and  air 
circulation  soil.  This  belt  includes  the  "apple-pie  ridge" 
orchards  and  those  near  Gerrardstown.  In  the  Jefferson 
County  Elbrook  area,  there  are  a  number  of  orchards,  but  it 
has  not  been  followed  so  closely  as  in  Berkeley. 

OUTCROPS. — A  long,  narrow  belt  of  Elbrook  outcrops 
in  Berkeley  County  to  the  east  of  North  Mountain  extend- 
ing from  the  Potomac  River  near  McCoys  Ferry,  southwest 
into  Frederick  County,  Virginia.  Its  length  in  Berkeley 
County  is  22^  miles  with  an  average  width  of  a  half  to  three- 
fourths  mile. 

Along  the  Potomac  in  the  cuts  of  the  railroad  the  forma- 
tion is  an  anticlinal  fold  with  the  eastern  limb  about  660  feet 
thick,  and  the  western  side  about  500  feet,  and  it  is  faulted 
against  the  Medina  White  Sandstone.  A  section  of  the  east 
side  of  the  fold  shows  the  following-  strata: 
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Section  of  Elbrook  on  Potomac  River. 

Feet. 
Conococheague  Limestone. 

Buff  limestone  with  calcite  streaks 20 

Concealed    in    deep    ravine 300 

Shaly  buff  limestone  in  fairly  solid  ledges 22 

Shaly  limestone  with  some  blue  solid  ledges 150 

Flaggy  ledges,  buff  limestone,  blue  unweathered. ...     35 

Blue   limestone   breaks   in   irregular   blocks 15 

Darker  bluish-gray  limestone,  more  solid  courses...     16 

Agate-lined  or  veined  limestone 15 

Shaly  limestone  weathers  to  shales 55 

Flaggy  limestone  weathers  cobbly  on  surface 12 

Brecciated  limestone  (inclusions  1  to  2  inches) 6 

Solid  ledges  of  foliated  limestone 10     656 

As  the  formation  is  traced  southward  from  the  Potomac, 
it  shows  shales  and  shaly  limestones,  with  the  platy  shales 
more  prominent  as  results  of  weathering.  The  formation  is 
well  exposed  just  east  of  North  Mountain  Station  and  in  the 
railroad  cuts  just  south.  A  mile  south  of  this  place,  small 
synclinal  folds  bring  the  Conococheague  to  the  surface  and 
the  boundary  is  quite  broken.  The  chert  horizon  is  now  ex- 
posed, and  these  cherts  become  characteristic  of  the  forma- 
tion on  south,  and  the  Elbrook  outcrop  is  also  wider  than 
at  the  north. 

Two  and  a  fourth  miles  southeast  of  Hedgesville  and 
west  of  the  Welltown  Schoolhouse,  the  structure  is  still  anti- 
clinal with  east  and  west  dips  around  50  to  60  degrees.  A 
section  on  the  eastern  side  of  the  fold  shows  the  following 
strata : 

Section  of  Elbrook  South  of  Hedgesville. 

Feet. 

Buff,    flaggy    limestone &0 

Bluish-graj    limestone  weathers  to  platy  shales 10 

Shaly  limestone  and  shales 55 

Blue  limestone  In  solid  ledges 40 

Concealed    and    shales 150 

Soft,  buff,  flaky  Bhales 10 

Shaly,  buff  limestone,  some  angular  blocks 78 

Blue,  hard  limestone,  agate-banded 6 

Shaly,    huff    limestone 40 

Blue  limestone,  hard,  and  in  solid  ledges 20     4S*> 
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Further  west,  the  chert  horizon  appears  to  be  about  300 
feet  above  the  top  of  this  partial  section.  On  the  western 
side  of  the  fold,  a  thickness  of  1,400  feet  was  measured,  and 
the  measures  were  then  obscured  by  weathering  and  folding, 
so  that  the  actual  thickness  of  the  Elbrook  could  not  be  de- 
termined in  this  portion  of  the  area.  In  the  railroad  cut  a 
mile  east  of  Hedgesville,  the  more  massive  dolomite  ledges 
of  the  middle  portion  of  the  formation  are  exposed. 

Further  south,  to  the  west  of  Nollville,  the  thickness  of 
the  Elbrook  is  about  2,200  feet,  and  the  middle  dolomite  ledges 
outcrop  about  a  mile  west  of  this  settlement,  while  along  the 
ridge  and  the  road  to  the  north,  is  a  well-marked  chert  horizon 
below  the  dolomite.  The  cherts  have  been  crushed  for  road 
material  in  this  area,  but  the  rock  does  not  cement  or  pack 
very  solid,  making  a  loose,  rough  road-bed,  but  which  is  quite 
durable.  To  the  north  of  this  west  road  from  Nollville  and 
for  miles  south  are  large  orchards  which  have  been  planted 
on  the  chert  ridge.  In  places  the  ground  is  one  mass  of 
cherts  with  little  loose  soil  visible,  and  such  tracts  are  re- 
garded as  ideal  orchard  lands. 

On  the  ridge  to  the  northwest  of  Arden,  and  to  the 
southwest,  the  Elbrook  is  composed  of  the  platy  limestone 
and  limy  shales,  and  cherts.  Here  also  are  found  outcrops 
of  a  yellow,  very  soft  sandstone,  of  light  weight,  resembling 
a  Tripoli  or  scouring-powder  rock.  There  are  a  number  of 
outcrops  of  this  material  in  this  area  and  also  further  south. 
The  sandstone  of  this  character  is  also  found  in  the  next 
lower  formation,  the  Waynesboro. 

In  the  area  east  of  Gerrardstown,  the  Elbrook  is  similar 
to  the  area  north  and  large  orchards  in  this  section  are  located 
on  its  outcrop.  In  the  southern  part  of  the  county  near  Ridge 
Schoolhouse,  the  western  slope  of  the  ridge  is  covered  with 
cherts,  some  of  which  are  three  feet  in  diameter.  On  the 
ridge  near  the  schoolhouse  are  outcrops  of  the  shales  and 
shaly  limestone  but  no  cherts.  Here  also  are  ledges  of  the 
soft,  low-gravity,  yellow  Tripoli  sandstone.  On  the  eastern 
side  of  the  ridge,  the  cherts  are  less  abundant  than  on  the 
west  slope.  The  thickness  of  the  Elbrook  at  this  place  is 
approximately  2,400  feet. 
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The  other  outcrop  of  the  Elbrook  is  in  the  eastern  part 
of  Jefferson  County,  and  it  is  much  larger  than  the  outcrop 
in  Berkeley.  It  is  nearly  twenty  miles  long  from  the  Potomac 
River  a  mile  east  of  Shepherdstown  southwest  across  the 
county,  with  an  average  width  of  nearly  two  miles. 

As  in  Berkeley  County,  the  formation  includes  buff 
shales,  shaly  or  platy  limestones,  with  ledges  of  blue  limestone 
more  or  less  finely  striated  or  agate-banded,  and  the  cherts. 
The  platy  limestones  soon  weather  to  shales,  so  that  surface 
outcrops  are  very  shaly,  and  good  sections  of  the  formation 
are  rare.  The  cherts  are  still  characteristic  of  the  formation 
and  show  similar  characters  to  those  described  in  Berkeley 
County.  The  chalcedony  cherts  and  the  yellow,  sparkling 
flints  are  common,  and  vein-quartz  is  also  found,  but  only  in 
small  quantity  and  at  a  few  localities.  The  Elbrook  in  this 
area  is  much  folded  and  faulted. 

At  the  north  along  the  Potomac  east  of  Shepherdstown 
near  the  old  cement  quarries,  the  Elbrook  forms  vertical  cliffs, 
100  to  140  feet  high,  with  the  rock  ledges  nearly  vertical.  The 
limestone  at  this  place  is  all  more  or  less  magnesian,  and 
some  strata  are  dolomites.  Certain  ledges  burn  into  a  natural 
cement,  and  these  were  quarried  and  burned  for  many  years 
at  the  old  mill  located  near  the  cliffs.  These  old  quarries  were 
worked  back  into  the  cliffs,  leaving  the  unsuitable  rock  be- 
tween as  wide  ribs  in  the  quarry.  With  the  rapid  growth  of 
the  Portland  cement  industry,  the  demand  for  natural  cement 
decreased  and  this  mill  was  abandoned  a  number  of  years  ago. 

In  these  river  cement  cliffs,  the  limestone  is  foliated, 
often  wavy-banded,  and  more  or  less  folded.  The  fine  stria- 
tion  or  agate-banding  is  well  shown  in  many  ledges.  Marble 
strata  are  also  found.  The  usual  color  is  dark-blue  to  bluish- 
gray,  but  some  ledges  arc  light-gray  or  almost  white,  and 
weather  to  angular  blocks.  The  flaky,  limy  shales  are  seldom 
-ten  in  the  river  cliffs  and  the  outcrops  are  quite  solid  and 
have  a  fresh  appearance. 

Along  the  county  road  from  Shepherdstown  cast  to  the 
river,  the  cuts  show  the  typical  Conococheaguc  Limestone, 
separated  from  the  Elbrook  on  the  east  by  a  deep  ravine,  and 
probably  also  by  a  Eaull  at  this  place.    As  the  road  bends  east 
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along  the  river  bank,  the  high  south  wall  is  formed  by  the 
Elbrook  cliffs.  Near  the  old  cement  mill  is  found  the  Elbrook- 
Waynesboro  contact  in  a  high  smooth  wall  of  Waynesboro 
Limestone  seamed  with  quartz. 

While  the  Elbrook  in  this  area  along  the  river  shows 
much  minor  folding,  its  outcrop  is  really  a  syncline  with  an 
anticline  near  the  mill,  and  east  of  the  mill  there  is  a  series 
of  short  anticlines  and  synclines,  well  shown  in  the  river 
cliffs  on  the  Maryland  side.  The  following  section  was  mea- 
sured along  the  western  side  of  the  syncline,  but  on  account 
of  the  faulting  at  the  west  end,  and  folding  at  the  east  end, 
it  is  only  a  partial  section  of  the  Elbrook  Formation.  The 
chert  horizon  does  not  appear  in  the  river  section '. 

Partial  Section  of  Elbrook  at  Potomac  River  East  of 

Shepherdstown. 

Feet. 
Conococheague   Limestone. 

Concealed    in    ravine 45 

Wavy-lined,  crumpled  limestone 15 

Shaly  limestone  which  weathers  to  shales 3 

Blue  limestone  foliated  and  tends  to  break  flaggy..  20 

Bluish-gray  limestone,  magnesian,  weathers  flaggy..  '62 
Bluish-gray  somewhat  flaggy  limestone  (old  cement 

quarry)     16 

Dark-blue  limestone,  flaggy,  some  pink-tinged  ledges  55 

Flaggy   blue    limestone 57 

Solid  ledges  but  weather  flaggy  or  slabby 50 

Limestone  with  pink  tinge,  breaks  to  thin  plates. .  .  16 

Concealed  in  an  old  caved  opening 25 

Solid    ledges,    with    pink   tinge,    breaks    to    angular 

blocks    30 

Light-gray,  magnesian  limestone,  solid  ledge 6 

Concealed,  but  the  rock  weathers  in  slabs 25 

Dark-blue  limestone  in  solid  ledge 8 

Concealed 50 

Finely  striated  blue  limestone,  weathers  flaggy....  54 

Concealed,  but  here  and  there  angular,  slabby  blocks  60 

Solid  ledges  of  magnesian  limestone  in  block  ledges  80 

Shaly   limestone 25 

Light-gray  magnesian  limestone  in  blocky  ledges..  25 

Concealed  in  ravine  to  the  deep  cement  quarry 70 

Flaggy   gray    limestone,    some    blocky    (old    cement 

quarry)     50 

Bluish-gray  limestone,  wavy-lined,  blocky  ledges ...  70 

Shaly  and  blocky,  blue  limestone 65 

Light-gray  limestone  in  solid  ledges 15 

Limestone  in  high  cliffs  and  blocky  ledges 60 

Magnesian,     bluish-gray     limestone      (old     cement 

quarry)    20     1047 
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This  section  can  not  be  carried  further  east  with  any 
degree  of  accuracy,  on  account  of  the  folding.  There  are  six 
of  the  old  cement  quarries  east  of  this  section,  which  supplied 
rock  to  the  mill.  The  rock  is  flaggy  and  in  places  it  is  seamed 
with  calcite,  and  in  the  larger  quarry  shows  ripple-marked 
surfaces.  Some  of  the  ledges  have  a  greenish-gray  color,  and 
nearly  all  the  rock  is  high  in  magnesia. 

Following  across  this  section  on  the  east-and-west  road, 
a  mile  south  of  these  cliffs,  the  weathered  outcrop  shows  a 
series  of  platy  shales  and  shaly  limetone  with  but  a  few  solid 
ledges,  and  so  presents  a  very  different  appearance  to  the  less 
weathered  outcrops  in  these  river  cliffs. 

Further  east  on  this  same  road  are  found  the  brecciated 
and  chalcedony  cherts;  and  the  solid,  blue,  magnesian  ledges 
outcrop  less  than  a  mile  west  of  Moler  Crossroads.  The 
formation  on  this  road  is  in  a  syncline  with  the  center  of  the 
fold  to  the  west  of  Rattlesnake  Run.  The  eastern  side  of  the 
fold  has  an  approximate  thickness  of  1,500  feet;  and  the  west- 
ern limb  has  a  measured  thickness  of  3,700  feet,  but  it  is  much 
broken  by  minor  folding  so  that  the  actual  thickness  can 
again  only  be  approximated,  but  it  is  probably  around  2,500 
feet. 

Further  south  near  Uvilla,  the  formation  is  very  shaly, 
and  here  again  the  cherts  are  very  numerous,  some  white  and 
botryoidal,  others  dark-colored  and  more  or  less  sandy.  Here 
also  are  found  the  blocks  of  bright-yellow,  sparkling  flints 
nearly  two  feet  square,  also  blocks  of  the  light-weight,  yellow, 
iripoli  sandstone.  Northwest  of  Reedson  is  a  very  long  out- 
crop of  the  solid  magnesian  ledges  with  projecting  ridges  thus 
resembling  the  Conococheague  Formation,  and  representing 
the  middle  portion  of  the  Elbrook.  Marble  ledges  also  occur, 
and  the  apparent  thickness  of  the  Elbrook  in  this  area  is  about 
3,000  feet,  but  there  may  be  an  error  in  this  measurement  due 
to  folding. 

A  partial  section  of  the  Elbrook  three-fourths  mile  north 
of  Reedson  and  north  of  the  Baltimore  and  Ohio  Railroad 
shows  ili«'  relation  of  the  soft  Tripoli  sandstone  to  the  lime- 
atone  in  tin-  lower  part  of  the  formation: 
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Partial  Section  of  Elbrook  East  of  Duffields. 

Feet. 

Shaly,  buff  limestone  and  shales 50 

Yellow,  soft,  Tripoli  sandstone 3 

Blue,  striated,  hard  limestone  with  Tripoli 8 

Yellow,  soft  Tripoli  sandstone 2 

Blue,  striated  limestone 7 

Shaly,  buff  limestone  and  limy  shales 50 

Shales  and  concealed - 80 

Blocky  and  platy,  limy  shales,  and  blocks  of  Tripoli. .  25 
Shales,  limy,  and  some  blocks  of  white  vein-quartz. . .  25 
Shaly  limestone  and  chert  blocks  (1  to  2  feet,  diame- 
ter      30 

Shales  and  concealed,  some  quartz  blocks 140 

Bluish-gray,   agate-lined   limestone 5 

Shales  and  concealed 100 

Platy,  buff  shales 15     540 

Bluish-white  marble  of  Waynesboro 

On  the  east-and-west  road  two  miles  south  of  the  Balti- 
more and  Ohio  Railroad  at  Duffields,  the  Elbrook  outcrop 
forms  a  synclinal  fold  with  its  center  one  and  a  fourth  miles 
southwest  of  Reedson,  just  east  of  the  long  bend  of  this  road 
to  the  northeast  (U.  S.  448  feet).  The  thickness  on  the  east- 
ern side  of  the  fold,  is  1,200  feet;  and  on  the  west  it  is  approxi- 
mately 2,500  feet.  The  formation  consists  of  shales  and  shaly 
buff  limestones,  with  one  small  ledge  of  marble  near  the  cen- 
ter of  the  fold.  The  cherts  are  found  throughout  the  area 
scattered  over  the  ground. 

On  the  next  road  south,  the  shales  and  shaly  limestone 
are  seen,  but  with  very  poor  outcrops.  The  city  of  Charles- 
town  is  built  on  Elbrook,  and  the  street  and  cellar  excavations 
show  the  ledges  of  buff,  shaly  limestone,  and  in  places  the 
solid,  blue  limestone.  A  number  of  folds  at  this  place  bring 
to  the  surface  the  underlying  Waynesboro  marbles  and  sericitic 
shales.  The  railroad  cuts  near  this  place  show  good  outcrops 
of  Elbrook.  The  brick-yards  north  of  town  use  a  red  clay 
overlying  the  Elbrook  Limestone,  and  in  the  pits  the  pro- 
jecting ledges  of  finely  striated,  dark-blue,  and  bluish-gray 
limestone  are  exposed. 

Southeast  of  Charlestown  on  the  road  leading  northeast 
from  Mechanicstown,  are  good  outcrops  of  the  shaly  limestone 
and  cherts.     The  agate-lined  limestone,  large  and  small  chert 
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balls,  and  yellow,  sparkling  flints,  are  very  prominent  in  the 
vicinity  of  Cattail  Run  on  this  road.  Some  of  the  chert  balls 
reach  a  diameter  of  two  feet. 

Two  and  a  fourth  miles  south  of  Charlestown  on  the 
cross-road  north  of  the  North  Fork  of  Bullskin  Run  and  east 
of  the  Norfolk  and  Western  Railroad,  the  contact  between  the 
Conococheague  and  Elbrook  is  very  sharp  in  a  road-cut  near 
the  top  of  the  ridge,  and  the  following  section  was  measured 
here  on  the  western  side  of  a  small  anticline : 

Partial  Section  of  Elbrook  South  of  Charlestown. 

Feet. 
Conococheague   Limestone. 

Shaly,    blue    limestone 3 

Solid,  blue  limestone 2 

Buff,  platy  sandstone,   soft 6 

Sandy    shales 22 

Shaly  limestone  and  limy  shales 8 

Agate-lined    dark-blue   limestone 5 

Shales    and    shaly    limestone   with   a   two-foot    solid 

ledge    37 

Solid  blue  limestone 5 

Shales,  more  or  less  limy 60 

Solid,   bluish-gray  limestone 15 

Shaly  blue  limestone 3 

Gray,  hard  limestone,  almost  a  marble 8 

Blue   limestone,    somewhat   brecciated 7 

Buff  limestone,  breaks  in  shaly  blocks 8 

Dark-blue    limestone 5 

Shales  and  concealed  in  the  valley 165 

Platy  shales,  some  ledges  of  blue  limestone 120     479 

This  section  is  of  the  upper  part  of  the  formation,  and  the 
lower  part  of  the  Elbrook  is  here  obscured  by  numerous  small 
folds.  Further  east  in  these  folds,  the  shaly  limestone  and 
limy  shales  continue,  also  ledges  of  the  soft,  yellow  Tripoli 
sandstone.  Similar  deposits  of  this  sandstone  are  found  to 
the  east  of  the  Berryville  road,  where  in  24  feet  of  shaly  lime- 
stone, six  to  eighl  feel  of  the  Tripoli  sandstones  arc  inter- 
bcdded. 

In  the  southern  pari  of  the  county  near  Rippon  and  to  the 
north,  south,  and  east,  the  cherts  arc  very  abundant.  The 
foi  iiiation  hen-  is  composed  of  the  buff,  shales,  shaly  limestone, 
with   ledges  of  solid,  bine,  striated   limestone.     Some  ol   the 
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ledges  are  very  dark-blue,  almost  black.  No  good  complete 
sections  were  found  in  this  area,  and  it  was  impossible  to  mea- 
sure the  thickness  with  any  degree  of  acuracy.  The  thickness 
of  the  Elbrook  in  the  eastern  part  of  Jefferson  County  is 
probably  2,500  to  3,000  feet. 

Fossils  were  not  found  in  the  Elbrook  in  Berkeley  or 
Jefferson  Counties.  Stose  found  some  fragments  of  trilobites 
in  the  basal  beds  in  Pennsylvania,  and  he  regards  the  age  as 
probably  Middle  Cambrian. 

THE  WAYNESBORO  FORMATION. 

Below  the  Elbrook  shaly  limestone  series,  is  a  mass  of 
more  or  less  siliceous  or  sandy  beds,  with  dolomites  and 
marble,  named  by  Stose  (Mercersburg-Chambersburg  Folio, 
No.  170),  the  Waynesboro  Formation  from  its  typical  develop- 
ment near  the  town  of  that  name  in  Pennsylvania.  In  Penn- 
sylvania, Stose  states  that  the  top  of  the  formation  is  marked 
by  mottled,  slabby  sandstone  and  dark  siliceous  purple  shale ; 
while  at  the  bottom  are  found  "very  siliceous  limestones  that 
weather  to  slabby,  porous  sandstone,  large  masses  of  rugose 
chert,  and  white  vein-quartz." 

In  West  Virginia  where  the  Waynesboro  forms  a  broad 
outcrop  in  the  eastern  portion  of  Jefferson  County,  the  purple 
siliceous  shale  is  readily  identified,  but  above  it  there  is  found 
a  series  of  sandy  shales,  dolomite,  and  siliceous,  blue  lime- 
stone. 

At  the  base  of  the  formation  in  this  area  at  the  north  near 
the  Potomac,  is  a  finely  laminated,  blue,  siliceous  limestone, 
carrying  blocks  of  rugose  quartz  and  masses  of  white  vein- 
quartz.  Some  of  the  limestone  ledges  carry  platy  inclusions 
of  gray  sandstone  reaching  a  length  of  thirty  inches  and 
about  an  inch  thick.  Over  a  considerable  portion  of  the  area, 
the  base  of  the  formation  is  a  dark-blue  limestone  with 
crumpled  foliations,  and  which  is  quite  siliceous  and  hard. 

A  little  higher  in  these  basal  beds  are  ledges  of  blue  and 
cream-buff  marble  and  blocks  of  white  flint.  The  Waynes- 
boro in  this  area  is  separated  from  the  Elbrook  by  a  fault  so 
that  the  real  basal  beds  may  not  be  represented  in  all  the 
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sections.  At  this  horizon  in  a  few  outcrops  ocCur  buff  sand- 
stone ledges,  very  soft,  which  weather  into  blocks  or  slabs, 
and  they  are  associated  with  sandy  shales  and  blocks  of  quartz. 
Some  of  the  lower  blue  limestones  are  wavy-lined  with  crystal 
calcite  along  the  folia  which  gives  a  ridged  appearance  to  the 
outcropping  ledge,  and  the  rock  breaks  into  slabs  coated  with 
the  glistening  calcite. 

In  the  lower  portion  of  the  Waynesboro  Formation  are 
beds  of  marble,  often  snow-white  and  semi-crystalline.  In 
other  ledges,  the  marble  has  a  vitreous  or  glassy  surface,  and 
it  is  then  compact  and  hard,  though  quite  brittle.  There  are 
ledges  of  bluish-gray  and  pink  marble  which  are  banded  by 
darker  streaks  and  break  in  slabs  along  these  planes. 

Near  the  folds,  the  marble  is  quite  crystalline  and  is 
broken  into  laminse  a  half  inch  thick,  forming  a  very  flaggy 
or  shaly  outcrop.  These  laminated  marbles  are  found  at  many 
places,  but  they  are  well  shown  in  the  railroad  cuts  just 
east  of  Engle  Station.  The  marble  ledges  are  three  to  eight 
feet  thick,  and  they  are  often  covered  by  thin  courses  of 
slabby,  buff  limestone,  coated  with  sericite,  or  in  some  ex- 
posures have  chloritic  shaly  leaves.  These  sericitic,  shaly 
ledges  are  found  in  many  outcrops  over  the  area,  and  are 
locally  called  soapstones  on  account  of  the  smooth,  greasy 
surface. 

Near  the  middle  of  the  Waynesboro  Formation  are  mas- 
sive beds  of  blue  limestone  and  dolomite  which  are  quarried 
in  Jefferson  County  at  Bakerton  and  Engle,  and  further  south 
at  Millville.  These  limestones  could  be  quarried  at  a  number 
of  other  localities  in  this  area. 

The  ballast  quarries  one  mile  west  of  Engle  Station  are 
probably  below  the  middle  beds.  The  quarries  were  opened  on 
an  anticline  with  a  dip  to  the  east  and  west  of  40  to  45  degrees. 
The  limestone  is  blue  and  hard,  separated  from  a  lighter- 
colored  limestone  i<>  the  west  by  a  broad  belt  of  the  sericitic 
shaly  limestone.  Some  of  the  lighter-gray  ledges  are  very  pure 
limestone  as   shown   by   the   following  Survey   analyses: 
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1 

Engle  Quarry.  Blue  Limestone.     Gray  Limestone. 

Lime  carbonate 92 .  27  98.21 

Magnesium  carbonate..  3.18  0.86 

Silica    1.18  0.02 

Iron  and  alumina 1.60  0.75 

Sulphur    0.51  0.09 

Phosphorus    0.08  0.007 

98.82  99.937 

To  the  north  of  the  station  at  Engle  is  an  old  lime  quarry 
in  a  synclinal  fold  about  the  middle  of  the  Waynesboro,  and 
probably  below  the  purple  shale  horizon  which  outcrops  to 
the  west  and  northwest  of  the  quarry.  In  the  basal  beds  of 
the  quarry  are  bands  of  black  flint.  The  old  Keller  lime 
quarry  east  of  Engle  Station  and  south  of  the  railroad  tracks 
shows  6  to  15  feet  of  red  clay  cover,  then  10  feet  of  blue  lime- 
stone with  irregular  fracture  weathered  at  the  top  into  rounded 
boulders.  The  basal  portion  of  the  quarry,  about  20  feet 
thick,  is  a  blue,  somewhat  granular  limestone  which  for  many 
years  was  burned  into  lime.  This  is  apparently  the  same 
horizon  as  the  Bakerton  quarry,  two  miles  north,  and  is  in  the 
middle  of  the  Waynesboro. 

The  Bakerton  quarry  is  located  on  the  almost  flat  portion 
of  a  small  anticline  with  the  rock  dipping  a  few  degrees  west. 
The.  lower  twelve  feet  of  the  quarry  face  is  seamed  with  cal- 
cite  and  is  not  used  for  lime.  The  next  ledge  above,  12  to  15 
feet,  is  dark-blue  and  is  used  with  the  next  ten  feet  of  gray 
limestone.  Near  the  top  is  a  five-foot  ledge  of  hard,  blue 
limestone  with  a  sandy  texture  that  is  discarded. 

On  the  continuation  of  the  line  of  the  Bakerton  and 
Keller  quarries  three  miles  south  of  the  railroad  is  the  Blair 
quarry  where  the  rock  is  a  dark-blue  dolomite  of  low  silica, 
and  the  same  belt  outcrops  for  two  miles  further  south  as  a 
good  quarry  stone.  Further  east  at  Millville  is  a  long,  narrow 
belt  of  this  dolomite  that  extends  from  the  Baltimore  and  Ohio 
Railroad  west  of  Harpers  Ferry  a  mile  and  a  half,  thence  south 
to  Millville  and  across  the  river.  The  dolomite  is  of  theo- 
retical composition  and  very  low  in  silica.  Large  quarries  are 
in  operation  on  this  belt  at  Millville  and  the  stone  is  shipped 
mainly  to  Pittsburgh  steel  furnaces. 

The  upper  portion  of  the  Waynesboro  consists  of  sandy 
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shale,  buff  sandstones,  purple  shales,  sandstone,  and  blue  lime- 
stones, which  are  usually  very  hard  and  siliceous.  The  shales 
are  often  ripple-marked  and  show  well-defined  sun-cracks, 
thus  representing  an  abrupt  change  to  more  shallow  water 
conditions  from  the  deeper  water  of  the  middle  division  where 
the  more  massive  limestones  and  dolomites  were  deposited. 
These  sandy  shales,  ripple-marked  and  sun-cracked,  are  ex- 
posed to  the  east  of  Moler  Crossroads,  also  in  the  railroad 
cut  about  midway  between  Engle  and  Harpers  Ferry,  south 
near  Mechanicstown,  and  at  a  number  of  other  localities. 
They  grade  upward  into  the  shaly  sandstone  strata.  The 
sandstones  often  have  a  purplish  cast,  and  while  in  some  out- 
crops they  are  hard  and  resistant  to  weathering  action,  they 
are  more  often  soft,  blocky  or  flaggy,  and  sometimes  banded 
almost  agate-like.  The  ledges  are  one  to  four  feet  thick,  and 
grade  into  shales. 

Through  the  upper  part  of  the  Waynesboro,  as  in  the 
Elbrook,  occur  ledges  of  the  soft,  yellow,  Tripoli  sandstone, 
very  light  in  weight.  The  grit  is  fine,  and  blocks,  apparently 
solid,  readily  crumble  in  the  fingers,  so  that  the  material  prob- 
ably could  be  washed  and  used  as  a  polishing  agent.  There 
appears  to  be  no  regularity  in  the  occurrence  of  the  ledges  of 
this  material,  though  it  is  more  often  associated  with  the  lime- 
stone than  with  the  shales.  It  often  occurs  as  a  distinct  ledge 
two  to  four  feet  thick  interbedded  with  blue  limestones,  and 
again  it  is  found  interbedded  with  sandy  shales. 

Marble  ledges  are  found  in  the  upper  part  of  the  forma- 
tion, but  they  appear  to  be  more  common  in  the  lower  portion 
01  the  Waynesboro.  There  is  one  horizon  of  very  white 
marble  in  the  upper  Waynesboro  that  is  about  five  feet  thick, 
cverlain  by  a  hard  deep-blue  limestone,  and  underlain  by  a 
bard,  blue  siliceous  limestone.  This  association  of  marble 
and  blue  limestones  is  seen  near  Charlestown  to  the  north 
and  south  of  thai  town  where  the  Waynesboro  is  brought  to 
the  surface  through  the  Elbrook  by  anticlines.  The  same 
association  is  seen  east  of  Harmony  on  a  similar  anticline,  and 
just  west  of  Kablctown. 

Black  cherts  are  found  in  the  blue  limestone  near  the 
middle  of  the  series  at  Enerle,  and  along  the  road  to  the  north 


PLATE     XX(A). — Conococheague     Limestone    with    Sandstone    Inclusions    on 
Road  to  C.  &  O.   Canal  Dam  No.  5. 


PLATE  XX(B). — White  Medina  Sandstone  on  North  Mountain  near  North 
.   End,  Showing  Joinung-and  Bedding- Planes. 
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where  they  have  weathered  out  of  the  limestone,  and  the\ 
are  here  very  abundant.  They  are  also  seen  on  the  pike  south 
of  Meyerstown. 

White  vein-quartz  is  very  characteristic  of  the  Waynes- 
boro in  this  area.  It  forms  distinct  layers  in  the  limestone  six 
to  ten  inches  thick.  On  weathering,  the  quartz  blocks  remain 
in  the  soil,  and  are  scattered  over  the  fields  or  gathered  and 
piled  along  fence  rows.  They  vary  in  size  from  a  fraction 
of  an  inch  to  nearly  three  feet  across,  and  are  usually  com- 
pact and  solid,  though  in  some  places  they  are  drusy  and  full 
of  cavities.  They  are  found  at  various  horizons,  but  appear 
to  be  more  abundant  in  the  basal  portion.  While  this  white 
vein-quartz  is  found  to  some  extent  in  the  Elbrook,  and  at  a 
few  places  in  the  Conococheague,  it  is  especially  characteristic 
of  the  Waynesboro  Formation. 

The  purple  shaly  sandstone  or  shales,  in  places  with  a 
purple-bronze  cast,  forms  a  well-defined  belt  that  extends  from 
the  northeastern  corner  of  Jefferson  County,  to  the  northeast 
of  Moler  Crossroads,  southwest  past  Engle,  just  east  of 
Halltown  and  Mechanicstown.  Its  outcrop  is  seen  on  nearly 
every  road  in  that  direction,  and  by  weathering  it  forms  a 
purple  soil  in  the  fields.  This  purple  shale  is  usually  ripple- 
marked,  and  it  breaks  into  thin  sandy  laminae.  In  the  Penn- 
sylvania sections,  it  is  taken  as  marking  the  top  of  the 
Waynesboro,  but  in  the  Jefferson  County  Area,  there  are 
shaly  buff  sandstones  and  shales  above ;  also  in  some  sections, 
buff  dolomites,  and  hard,  blue,  siliceous  limestones. 

To  illustrate  the  character  of  the  rocks  in  the  Waynesboro 
Formation  of  the  eastern  part  of  Jefferson  County,  the  follow- 
ing sections  are  given.  The  first  one  was  measured  along  the 
county  road  leading  northwest  from  Moler  Crossroads  to  the 
river,  the  top  of  the  section  being  at  the  river : 

Waynesboro  Section  Northeast  of  Moler  Crossroads. 

Feet. 
Blue  limestone,  very  hard,  finely  striated,  streaks  of 

quartz    40 

Shelly,  blue  limestone,  sandy,  weathers  shaly 12 

Concealed,- some  limestone  ledges  exposed 168 
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Feet. 
Blue  limestone,  mottled,  purplish  tinge,  caicite,  used 

for    lime 50 

Blue  limestone,  and  partly  concealed 120 

Blue-gray  to  cream-colored,  striated,  limestone 15 

Concealed 42 

Soft,  yellow,  light-weight  Tripoli  sandstone 6 

Cream-buff   dolomite 8 

Soft,  yellow  Tripoli  sandstone 20 

Purple-bronze  platy  sandstone 14 

Flaggy,  brown  sandstone,  striated 15 

Purple,  shaly  sandstone 12 

Shales  and  concealed 42 

Flaggy  brown  sandstone  with  hard  red  sandstone 

streaks,  1  to  4  inches  wide,  ripple-marked 8 

Bluish-gray  siliceous  limestone  with  crumpled  folia  15 

Calcareous  shales 30 

Bluish-gray  limestone  weathers  flaggy 8 

Shaly  sandstone  and   sandy  shales 31 

Yellow,  blocky,  soft  sandstone 2il 

Siliceous  limestone 4 

Red  to  buff,  soft,  flag  sandstone  and  shales 27 

Cream-buff  dolomite,  fine-grained,  with  white  quartz 

seams    15 

Buff,  calcareous   sandstone 36 

Greenish  shaly  sandstone,  plates   hard 15 

Purple  shaly  but  hard  sandstone 10 

Sandstone  with  blue  limestone  bands,  2  to  3  inches 

thick    15 

Shaly  gray  and  buff  sandstone 13 

Gray  siliceous  flaggy  limestone 15 

Sandy  blocky  shales  with  streak  red  sandstone  at 

base  27 

Flaggy  gray  sandstone  and  shales,  some  quartz....  58 

Soft,  yellow  Tripoli  sandstone,  in  ledges 10 

Concealed   35 

Sericitic  platy  limestone 6 

Buff  sandy  shales  and  blocky  sandstone 110 

Sandy  shales  with  ledges  red,  striated,  light-weight 

sandstone    183 

Soft,  red,  light-weight  sandstone  with  sparkling  sur- 
faces      30 

Concealed   150 

Flagpy,  buff  limestone,  crumpled  in  small  folds....  25 

Concealed  34 

Buff,   magnesian   limestone  with   cauliflower  cherts  14 

Cream-buff  limestone,  and  concealed 75 

Blue  limestone,  foliated   ;md   crumpled,  covered   by 

sericil  ic  shaly  limoslone  (2  feci) 32 

Whiii'.  some  pink,  and  some  bluish  marble 8 

Olive-green  and  buff  flaky  shales 30    1655 

Buff  shaly  ledges  or  Elbrook,  probably  separated  by  Fault. 

In  this  section  there  are  481   feet  of  ledges,  mostly  blue 
limestone  above  the  purple  shales  and  sandstones  which  have 
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a  thickness  of  304  feet,  with  870  feet  below  this  purple  horizon. 

One  mile  south  of  this  section,  the  purple  ledges  outcrop  in  a 

small  run  valley  as  follows : 

Feet. 

Bluish-gray  limestone  and  some  marble 240  feet. 

Purple  shaly  sandstone 30 

Buff,  blocky  sandstone 10 

Buff,  shaly  sandstone 15 

Buff,  sandy  shales 60 

Purple,  shaly  sandstone  and  purple  shales 50 

Hard,  purplish-buff  shaly  sandstone 15     180 

Buff  blocky  shales 25  feet. 

The  total  section  measured  at  this  place  was  750  feet,  and 
the  purple  shaly  horizon  is  much  thinner  than  at  the  north. 
East  of  Halltown,  its  thickness  is  about  100  feet.  A  section 
of  the  Waynesboro  was  measured  along  the  east-and-west 
road,  three-fourths  mile  north  of  the  Baltimore  and  Ohio 
Railroad  and  northwest  of  Engle.  It  is  difficult  in  this  area 
to  secure  a  complete  section  on  account  of  the  folding: 

Section  of  Waynesboro  Northwest  of  Engle  Station. 

Feet. 

Shales   and  concealed 50 

Yellow,  smooth,  platy  shales 15 

Purple,  hard,  shaly  sandstone 19 

Buff,  platy  shales  with  a  purple  tinge 25 

Shaly   sandstone 75 

Greenish  and  buff  sandstones,  weather  to  shales. ...  53 
Concealed,    four    feet    siliceous    blue    limestone    at 

bottom    34 

Yellow,  soft  Tripoli  sandstone 4 

Hard,  sandy,  and  banded,  blue  limestone 6 

Yellow,   soft   Tripoli   sandstone 3 

Weenish  shaly  sandstone 12 

Concealed    200 

Sandy    shales 20 

Yellow,  soft  Tripoli  sandstone 2 

Shales  and  shaly  sandstone  ledges 26 

Blue,  blocky  limestone,  some  sericite 8 

Shales   and   concealed 165 

Blue  and  buff  limestone,  somewhat  granular 24 

Cream-buff  limestone  with  sericitic  shale  leaves.  ...  15 

Gray  marble 3 

Bluish-green  and  buff  shales 19 

Cream-buff   marble 9 

Bluish-white    marble Vi 

_  Concealed,  across   the   valley 30 

Blue,  hard  limestone  (roadside  quarry) 20 
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Feet. 

Bluish-gray   limestone 16 

Flaggy  limestone  and  shales 28 

Bluish-green  limestone  weathers  blue,  and  shales .  .  40 

Yellow,  soft  Tripoli  sandstone 3 

Shales  with  ledge  blue  limestone  (5  feet)  at  center.  49 
Shales  with  ledge  gray  limestone  (10  feet)  near  cen- 
ter)   64 

Blue   limestone 8 

Yellow,  soft  Tripoli  sandstone 5 

Grav  and  blue  marbles,  some  pink-tinged 24 

Shales 20 

Bluish-white   marble 3 

Platy,  buff  shales,  and  concealed 110 

Blue  limestone,  wavy-lined 10     1207 


East  of  the  end  of  this  section  at  the  top  and  about  500 
feet  distant  is  a  blue  solid  limestone  with  a  dip  of  50  degrees 
east,  which  would  add  375  feet  to  this  section,  so  that  the 
total  thickness  of  the  Waynesboro  in  this  locality  would  be 
about  1,600  feet,  or  practically  the  same  as  northeast  of  Moler 
Crossroads.  Along  the  road  east  of  Engle  and  just  north  of 
the  railroad,  the  thickness  of  the  Waynesboro  on  the  eastern 
limb  of  the  anticline  is  approximately  1,600  feet. 

OUTCROPS. — The  Waynesboro  Formation  outcrops  at 
a  few  places  along  the  east  foot  of  North  Mountain  in  narrow 
belts  where  it  is  brought  to  the  surface  in  folds  in  the  Conoc.o- 
cheague  and  Elbrook.  A  small  elongated  and  irregular  area 
is  seen  about  a  mile  south  of  Hedgesville,  showing  the  sili- 
ceous blue  limestone  and  the  purple  shales.  Another  outcrop 
west  of  Arden  shows  the  blue  limestone,  purple  shales,  and 
sandy,  buff  shales.  These  outcrops  represent  the  upper  por- 
tion of  the  Waynesboro.  They  may  be  connected  in  a  con- 
tinuous belt  along  this  mountain,  but  if  so  they  are  covered 
for  much  of  the  distance  by  rock  debris  from  the  mountain. 

The  Waynesboro  rocks  cover  a  large  area  in  the  eastern 
part  of  Jefferson  County,  extending  from  the  northeastern 
corner  on  the  Potomac,  southwest  across  the  county,  with  a 
width  of  one  to  three  miles,  and  with  quite  irregular  bound- 
aries. The  formation  is  separated  by  a  fault  from  the  Elbrook 
on  the  west,  and  by  another  fault  on  the  cast  from  the  Toms 
town  Limestone  and  Harpers  Shale.  The  rocks  are  folded,  and 
in    many    places    show    metamorphic    alteration,        limestones 
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being  changed  to  marble  with  a  development  of  chloritic  and 
sericitic  minerals.  The  thickness  of  the  formation  is  about 
1,600  feet. 

To  the  west  of  the  main  outcrop  belt,  anticlinal  folds  in 
the  Elbrook  show  narrow,  elongated  exposures  of  the  Waynes- 
boro, usually  in  the  form  of  marble  and  sericitic  shales  or 
slates,  with  hard,  siliceous,  blue  limestones  above  and  below 
the  marble. 

In  the  northern  portion  of  the  Waynesboro  area,  the 
limestones  are  usually  low  in  magnesia ;  while  in  the  southern 
part,  there  are  large  beds  of  dolomite,  bluish-gray  to  gray  or 
buff  in  color,  some  of  which  are  exceptionally  low  in  silica. 
Siliceous,  blue  limestone,  white  vein-quartz,  sandy  shales,  and 
shaly  sandstones,  are  found  throughout  the  formation.  This 
siliceous  or  sandy  structure  is  characteristic  of  the  Waynes- 
boro. 

Its  economic  products  are  building  stone,  ballast,  road 
material,  and  lime.  Iron  ore  is  found  at  the  south  along  the 
fault-plane  between  the  Waynesboro  and  Harpers  Shale.  It 
was  formerly  mined  and  smelted  near  Bloomery  and  Shan- 
nondale. 

CORRELATION.  — No  fossils  were  found  in  the 
Waynesboro  in  the  area,  but  Stose  found  a  few  poorly  pre- 
served shells  in  the  sandy  shale  at  the  top  of  the  formation 
in  Pennsylvania,  some  of  which  were  identified  as  Obolus 
(Linguclfa)  and  were  regarded  by  him  as  Acadian  or  Middle 
Cambrian. 

According  to  Ulrich   (Bull.  Geol.  Soc,  Vol.  22,  p.  621), 
"the  Waynesboro  is,  in  part  at  least,  the  equivalent  of  H.  D. 
Campbell's  Buena  Vista  shale  in  central  Virginia,  of  M.   F 
Campbell's  Russell  formation  in  southwestern  Virginia,  and 
of  Keith's  Watauga  shale  in  northeastern  Tennessee". 

THE  TOMSTOWN  LIMESTONE. 

The  lowest  member  of  the  Shenandoah  Limestone  Group 
is  the  Tomstown  Limestone,  named  by  Stose  from  a  village 
in  the  Chambersburg  Quadrangle  of  Pennsylvania  (Folio 
170).     He  thus  describes  the  formation  in  that  area: 
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"It  is  composed  largely  of  dolomite  and  limestone,  massive  and 
thin-bedded,  and  in  part  cherty,  with  considerable  shale  interbedded 
near  the  base.  Certain  of  the  limestones  are  of  sufficient  purity  ta 
be  burned  for  field  lime.  On  account  of  the  relatively  soluble  char- 
acter of  the  formation,  it  forms  a  depression,  between  the  mountain 
and  an  irregular  line  of  low  ridges  and  knobs  of  the  Waynesboro 
formation  farther  out  in  the  valley.  Its  thickness,  computed  from  the 
width  of  its  outcrop  and  the  dip  of  its  beds,  is  about  1,000  feet. 
The  uppermost  beds  of  the  Tomstown,  exposed  just  below  the  siliceous 
rock  of  the  Waynesboro  in  the  north  and  east  faces  of  the  hills  north 
of  Roadside,  are  massive,  banded,  hard  blue  magnesian  limestones 
With  a  small  amount  of  black  chert.  Within  the  formation  occur 
other  massive  beds,  chiefly  magnesian  or  siliceous,  and  thinner,  purer, 
dark  limestones  which  in  places  are  burned  for  lime." 

OUTCROPS. — The  Xomstown  Limestone  in  the  eastern 
Panhandle  area  is  only  found  over  small  areas  on  the  eastern 
border  of  Jefferson  County.  A  small  outcrop  is  found  in  the 
northeastern  corner  of  the  county  in  the  river  bend  east  of 
Moler  Crossroads.  A  little  larger  outcrop  lies  south  within 
the  next  eastward  bend  of  the  river  east  of  Bakerton,  while 
a  long  narrow  outcrop  extends  from  south  of  the  Baltimore 
and  Ohio  Railroad,  one  and  a  half  miles  west  of  Harpers  Ferry 
south  to  Millville. 

.  In  the  northern  outcrops  the  rocks  are  hard,  blue,  siliceous 
limestones,  gray  dolomites,  brown  limestone,  with  some  shales. 
Iron  ores  are  associated  with  the  blue  limestone  and  dolomite 
in  this  area.  In  the  Millville  area,  the  rocks  are  dolomites  and 
bluish-gray  limestone.  To  the  south  of  this  place,  the  Toms- 
town  appears  to  be  faulted  out  and  the  Waynesboro  is  in  con- 
tact with  the  Harpers  Shale.  The  thickness  of  the  formation 
east  of  Bakerton  is  approximately  1,045  feet,  and  to  the  south 
of  the  railroad,  it  is  365  feet. 

At  Orebanks,  one  mile  east  of  Bakerton,  there  are  a  num- 
ber of  large  open  pits  from  which  iron  ore  has  been  removed 
during  the  past  sixty  years  or  more.  A  section  of  the  rocks 
at  this  place  shows: 

Tomstown  Section  at  Orebanks. 

Feet. 
Bluish-gray,  bard  Limestone,  with  somewhal  sugary 
texture   45 

11] no    siliceous    limestone 120 

Blue,  siliceous,   ii.-inl   dolomite    (old   ore   pit) 40 

Bluish-gray     dolomite,    siliceous,    weathers    white 
(shovel    pit) 20 
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Feet. 

Bluish-gray,   siliceous   dolomite 250 

Brownish  limestone  (blue  unweathered)  deep  ore  pit     20 

Blue,    siliceous    limestone 200 

Brown  limestone  (blue  inside)  in  old  ore  pit 50 

Concealed  to  river,  but  old  ore  pits  near  river  bank.   300     1045 

The  first  ore  deposit  east  across  the  section  is  over  the 
biuish-gray  dolomite  (20  feet)  which  has  a  very  low  west  dip, 
almost  flat.  This  rock  is  covered  by  8  to  20  feet  of  deep-red 
clay  in  which  are  scattered  great  numbers  of  nodules  of  brown 
hematite  iron  ore,  varying  in  size  from  a  fraction  of  an  inch 
to  ten  or  twelve  inches  diameter,  but  most  of  the  nodules  are 
one  inch  or  less.  This  mixture  of  clay  and  ore  is  removed  by 
steam-shovels  and  the  loose  clay  removed  in  a  log-washer 
plant. 

The  underlying  dolomite  has  a  very  rough,  jagged  top 
surface  due  to  erosion  and  solution,  so  that  the  ore  deposit  ex- 
tends to  a  very  considerable  depth  in  the  fissures  or  crevices. 
Associated  with  this  red  clay  are  loose  boulders  of  white  to 
gray,  fine-grained  sandstone,  which  bear  a  striking  resem- 
blance to  the  Antietam  Sandstone,  and  possibly  represent 
boulder  drift  from  some  such  outcrop. 

The  blue  limestone  further  east  in  the  deep  ore  pit  is 
covered  by  a  similar  red  clay  with  the  iron  nuggets.  The  ore 
has  been  removed  from  the  crevices  at  this  pit  to  a  depth  of 
60  feet,  and  the  blue  limestone  projects  in  nearly  vertical  pil- 
lars (dip  65°  to  70°  west),  which  stand  50  feet  or  more  in 
height,  giving  a  most  picturesque  appearance  to  the  opening. 
This  is  a  hard,  bluish-gray  .limestone  coated  by  weathering 
with  a  white  sand,  and  the  surface  has  also  a  brecciated  ap- 
pearance. 

The  east  half  of  this  deep  pit  shows  similar  pillars  and 
vertical  ledges  of  a  brown,  honeycomb  limestone,  very  soft  on 
the  surface  and  covered  with  criss-cross  seams  of  tabular  crys- 
tals of  dolomite,  one-fourth  to  two  inches  thick.  The  color 
cf  the  ore-bearing  clay  in  the  pit  shows  a  marked  contrast  in 
the  two  portions,  being  bright-red  over  the  blue  limestone, 
and  yellowish-brown  over  the  brown  limestone. 

Further  east  are  ledges  of  hard  bluish-gray  to  deep-blue 
limestone  not  associated  with  ore   and  which  extend  to  the 
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river  bank  in  all  probability,  though  this  portion  is  covered 
by  river  drift.  Between  the  deep  pit  and  this  blue  limestone 
are  a  number  of  old  abandoned  pits  of  large  size. 

To  the  north  of  this  ore  locality  about  a  mile  and  a  half,  a 
long  narrow  quarry  is  in  operation  to  supply  a  portion  of  the 
limestone  for  the  Bakerton  lime  plant.  The  west  wall  of 
this  quarry  shows  ledges  of  white  marble  and  probably  is  in 
Waynesboro.  The  east  wall  is  a  dark-blue  almost  black  lime- 
stone in  places  seamed  with  calcite,  and  probably  represents 
the  upper  limestone  in  the  Tomstown.  It  stands  almost  ver- 
tical or  75  degrees  west,  with  a  well-developed  cleavage  or 
schistosity,  the  planes  dipping  east  50  to  60  degrees.  The  rock 
shows  a  very  crumpled  banding  and  gives  a  peculiar  fetid  odor 
when  struck  with  the  hammer.  To  the  east  of  the  quarry 
around  the  point  of  the  hill  above  the  river  bank,  the  hard 
granular  dolomite  outcrops. 

The  only  other  outcrop  of  Tomstown  in  the  area  is  a  very 
narrow  belt  which  extends  from  a  short  distance  south  of  the 
Baltimore  and  Ohio  Railroad  at  a  point  about  a  mile  and  a 
half  west  of  Harpers  Ferry,  southwest  to  Millville.  The  belt 
is  nearly  four  miles  long,  and  about  500  feet  wide.  It  is 
bounded  on  the  west  by  the  low  silica  dolomites  as  quarried 
at  Standard  quarries  at  Millville,  and  on  the  east  by  the  Antie- 
tam  Sandstone. 

Near  Millville  it  is  exposed  along  the  Shenandoah  Branch 
of  the  Baltimore  and  Ohio  Railroad  and  was  at  one  time 
opened  in  a  quarry  just  east  of  the  old  Standard  quarry  east 
of  Millville.  It  appears  to  be  a  part  of  an  overturned  fold  and 
so  dips  east  45  to  50  degrees,  passing  under  the  Antietam 
Sandstone  on  the  overturn.  Its  thickness  at  this  place  is 
about  365  feet  according  to  the  following  section : 

Section  of  Tomstown  Limestone  East  of  Millville. 

Feet. 
Waynesboro  dolomites  of  Standard  Quarry. 

Dark  bluish-gray,  hard  dolomite 45 

Irregular,    breceialed,    dark-blue    liuieslone 4(1 

Blue   limi  itone,   breaks  shaly 45 

Bluish-gray,  compact  dolomite 150 

Blue,  Collated  limestone,  s e  breccia 85    365 

Antietam    Sandstone. 
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ANTIETAM  SANDSTONE. 

Below  the  Tomstown  Limestone  and  the  Shenandoah 
Limestone  Group  in  the  unbroken  rock  sequence  is  a  sand- 
stone formation  which  was  named  by  Keith  in  the  Harpers 
Ferry  Folio  (U.  S.  G.  S.,  No.  10)  the  Antietam  Sandstone 
from  its  good  exposures  on  the  tributaries  of  Antietam  Creek 
in  Maryland,  where  Keith  determined  its  thickness  as  500 
feet.  In  the  Jefferson  County  outcrops,  it  is  impossible  to 
measure  its  thickness. 

This  sandstone  occurs  in  this  area  only  in  Jefferson 
County.  In  an  unaltered  condition  it  is  white  in  color,  in  solid 
ledges,  and  fairly  hard;  but  in  its  usual  weathered  exposures, 
it  is  stained  brownish  to  reddish  by  alteration  of  the  iron  con- 
tent, and  it  is  more  or  less  pulverulent,  often  only  a  loose  mass 
of  sand.     The  outcrop  forms  a  deep,  sandy  soil. 

The  sandstone  is  composed  of  minute,  rounded  sand  grains 
apparently  cemented  by  lime  carbonate.  This  cement  is  the 
cause  of  the  rapid  crumbling  under  the  action  of  weathering 
agencies.  The  ledges  are  slabby,  and  the  outcrop  is  marked 
by  flat,  tabular  blocks  usually  under  three  inches  in  thickness, 
with  a  white,  minutely  pitted  surface  probably  due  to  solution 
oi  the  lime  carbonate  between  the  sand  grains. 

OUTCROPS.- — Fragments  of  the  Antietam  Sandstone  are 
found  at  several  places  in  the  eastern  part  of  Jefferson  County 
west  of  the  Shenandoah  River.  In  the  red  clay  with  the  iron 
ore  nodules  over  the  Tomstown  Limestone  at  Orebanks  east 
of  Bakerton,  are  numerous  blocks  of  this  sandstone  which 
have  probably  come  from  an  outcrop  to  the  east  of  the 
Potomac. 

Near  the  base  of  the  western  slope  of  the  ridge  west  of 
Bolivar  on  the  Charlestown-Harpers  Ferry  Pike,  the  blocks 
of  this  sandstone  are  very  abundant  and  the  soil  is  very  sandy, 
but  no  ledges  were  found  in  place.  Further  south  on  this  line 
and  east  of  the  Standard  quarries  at  Millville,  this  sandstone 
forms  cliffs  with  an  east  dip  of  35  degrees.  It  is  here  a  white, 
finely  granular  sandstone  weathering  at  the  surface  to  a  buff 
color.  Its  thickness  in  this  cliff  is  100  to  135  feet,  and  it  is 
overlain  by 'sandy  shales  with  some  ledges  of  sandstone. 
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The  hill  to  the  north  of  the  county  road  at  Snyder  Hill 
four  miles  southeast  of  Charlestown  in  the  eastern  bend  of 
the  Shenandoah  River  shows  an  outcrop  of  this  sandstone, 
and  its  slopes  as  well  as  those  of  the  opposite  hill  are  covered 
in  places  by  the  Antietam  Sandstone  debris. 

Across  the  river  at  Millville  there  is  an  outcrop  of  this 
sandstone  near  the  lime-kilns  where  the  limestone  has  been 
removed  by  erosion.  The  dolomite  quarry  north  of  the  lime 
plant  was  worked  back  into  the  hill  until  this  sandstone  was 
encountered,  and  that  portion  of  the  quarry  had  to  be  aban- 
doned. The  blue  limestone  quarry  above  the  plant  does  not 
yet  show  this  sandstone. 

In  this  locality  the  sandstone  dips  east  40  to  50  degrees 
with  the  limestone  below  it  and  the  Harpers  Shale  above  on 
the  overturned  fold.  The  sandstone  in  place  looks  fairly  solid 
in  some  ledges,  but  it  crumbles  when  handled  and  it  is  all  in 
the  form  of  crumbly  sand,  white  in  color,  but  more  or  less 
iron-stained. 

East  of  the  Shenandoah  River  the  Antietam  Sandstone  is 
found  on  a  few  isolated  ridges.  A  small  area  caps  the  hill 
just  southwest  of  the  Mountain  Mission.  A  long,  narrow 
outcrop  follows,  the  ridge  from  Fairmont  Schoolhouse  north, 
with  two  small  outliers  to  the  southwest.  These  ridges  are 
covered  with  the  tabular  sandstone  blocks,  brownish-  to 
reddish-white  or  gray,  with  an  outside  pitted  crust  white  in 
color.  There  is  usually  a  heavy  sand  deposit  which,  with  the 
loose  blocks,  obscures  or  hides  the  ledges,  so  that  the  dip  or 
thickness  can  not  be  determined.  The  sandstone  debris  ex- 
tends far  down  the  slopes  of  the  ridges. 

CORRELATION.— No  fossils  were  found  in  the  Antie- 
tam Sandstone  of  this  area.  In  the  Pennsylvania  area  near 
Waynesboro,  Stose  states  that  fragments  of  Olenellus  trilo- 
bilfs  were  found  in  the  scolithus  sandstone  and  associated 
shales  of  this  formation,  which  determined  the  age  as  Lower 
Cambrian. 
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HARPERS  SHALE. 

Below  the  Shenandoah  Limestone  Group  and  the  Antie- 
tam  Sandstone  is  a  thick  shale  formation  which  is  typically 
exposed  in  the  hills  at  Harpers  Ferry.  From  these  good  ex- 
posures, Keith  named  the  formation  the  Harpers  Shale,  and 
described  it  as  follows  (U.  S.  G.  S.,  14th  Annual  Report,  Part 
II.  p.  333)  : 

"The  shales  when  fresh  are  a  dull  bluish-gray  and  weather  out 
to  a  light,  dirty,  greenish-gray.  In  composition  they  are  argillaceous 
and  sandy,  although  the  sandy  feature  is  not  pronounced  except  at 
certain  horizons.  Taking  the  southern  half  of  the  belt,  that  is  to  say, 
as  far  north  as  Harpers  Ferry,  there  is  scarcely  any  variation  from 
one  bed  to  another,  and  the  whole  is  a  uniform,  argillaceous,  slightly 
sandy  shale.  Northward  from  the  Potomac,  beds  of  sandstone  and 
sandy  shales  begin  to  appear,  especially  in  the  upper  portion  of  the 
shale." 

OUTCROPS. — In  Jefferson  County  which  contains  the 
only  outcrop  in  the  State,  the  Harpers  Shale  extends  from 
Harpers  Ferry  and  Bolivar  southwest  along  the  western  slope 
of  the  Blue  Ridge  Mountain  to  the  Virginia  Line  and  beyond 
at  the  southeastern  corner  of  the  county.  Its  length  in  the 
county  is  fourteen  miles  with  an  average  width  of  a  mile  and 
a  half. 

The  thickness  of  this  shale  is  given  by  Stose  in  the  Penn- 
sylvania section  as  2,750  feet.  It  is  estimated  by  Keith  in  the 
Harpers  Ferry  area  as  about  1,200  feet.  He  found  it  impossi- 
ble to  measure  the  thickness  in  the  Harpers  Ferry  belt  with 
any  degree  of  accuracy,  and  states  (loc.  cit.,  p.  334)  : 

"At  Harpers  Ferry,  where  the  lithological  exhibition  of  them  is 
complete,  the  section  is  a  hopeless  tangle.  The  cleavage  planes  dip 
60  to  80  degrees  to  the  southeast,  but  the  bedding  can  readily  be 
traced  in  every  direction  and  at  every  angle.  No  measure  of  thick- 
ness of  any  value  whatever  can  be  obtained  here,  .  .  .  Making  a 
liberal  allowance  for  unrepresented  portions  and  judging  somewhat 
from  the  breadth  of  its  outcrops,  a  probable  thickness  of  1,200  feet 
can  be  assigned  to  the  formation." 

The  shales  are  well  exposed  in  the  heavy  cuts  along  the 
Baltimore  and  Ohio  Railroad  from  Harpers  Ferry  west,  where 
the  dip  is  apparently  30  to  50  degrees  east,  but  with  many 
minor  folds  and  faults,  and  much  crumpling  of  the  folia.  At 
the  west  end  of  these  cuts,  the  ledges  are  bluish-gray,  hard 
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sandstone,  which  in  a  short  distance  break  very  flaggy  and 
even  shaly  in  many  ledges.  Interbedded  are  ledges  of  sericitic, 
calcareous  sandstone,  and  greenish-gray  sandstone.  In  places 
the  strata  are  horizontal  and  crumpled  into  sharp  folds  with 
plications  much  contorted  and  twisted  and  broken  by  small 
faults.  Further  eacr  in  places  the  shales  have  weathered  into 
slabby  blocks  and  buii.  shales. 

Along  the  Shenandoah,  the  freshly  exposed  shales  are 
blue  to  bluish-green,  and  break  out  in  large,  slabby  blocks. 
Greenish  sandstone  ledges  occur  here  and  there,  and  are  quite 
resistant  to  weathering,  with  sparkling  quartz  surfaces.  The 
shales  all  are  very  sandy  and  in  solid  blocks  are  almost  a  sand- 
stone. They  vary  in  color  from  the  bluish-green  to  purple. 
The  ledges  in  the  river  bed  are  bluish-green  and  flaggy,  and 
form  rapids  and  small  waterfalls.  Beds  of  quartz  nodules 
occur  in  some  ledges,  two  feet  in  thickness,  with  shales 
crumpled  over  them.  Further  north  in  the  road  where  the 
shales  have  weathered  fine  and  flaky,  the  ground  is  in  places 
covered  with  small  quartz  fragments. 

Across  the  Shenandoah,  the  Harpers  Shale  is  similar  in 
character  and  appearance  to  the  Harpers  Ferry  cliffs.  In  it 
at  the  north  are  some  very  hard  ledges  of  greenish  sandstone 
and  some  fine  pebble  conglomerate.  Bluish-green  to  bluish- 
gray  ledges  of  shale  with  white  vein-quartz  are  also  seen, 
also  ledges  of  sandstone  in  greenish  sandy  shales.  Some  of 
the  shales  look  quite  chloritic,  but  they  weather  buff  and  flaky. 
Most  of  the  exposures  are  weathered  on  this  mountain  slope 
and  show  at  the  surface  buff,  sandy  shales,  flaky  or  blocky ; 
but  in  the  ravines  and  road  cuts,  the  bluish-green,  hard,  sandy 
shales  are  exposed  with  sandstone  ledges  more  or  less  shaly 
and  flaggy. 

North  in  Pennsylvania,  Stosc  describes  a  heavy  quart /.it- 
near  the  middle  of  the  Harpers  Shale  which  he  named  the 
Montalto  Quartzite,  750  feet  thick,  but  which  thins  south- 
ward and  disappears.  In  the  West  Virginia  area,  the  hard 
Sandstone  ledges  occur  through  the  formation,  but  at  no  well- 
defined  horizon.  No  fossils  were  found  in  the  shales,  but 
from  its  Stratigraphic  position,  it  is  classified  with  the  l.ov<r 
'  amhrian. 
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THE  WEVERTON  SANDSTONE. 

Below  the  Harpers  Shale  is  a  well-defined  sandstone 
formation  named  by  Keith  from  its  exposure  at  Weverton,; 
Maryland,  the  Weverton  Sandstone.  He  describes  it  as 
follows  (loc.  cit.,  p.  329)  : 

"It  consists  entirely  of  siliceous  fragments,  mainly  quartz  and 
feldspar.  Its  texture  varies  from  a  very  tine,  pure  sandstone  to  a 
moderately  coarse  conglomerate,  but  as  a  whole  it  is  a  sandstone.  As 
a  whole  its  color  is  white  and  varies  but  little;  the  coarse  beds  have 
a  grayish  color  in  most  places.  Frequent  bands  and  streaks  of  bluish- 
black  and  black  are  added  to  the  white  sandstones,  especially  along 
the  southern  portion  of  the  Blue  Ridge.  The  appearance  of  the  rock 
is  not  modified  by  the  amount  of  feldspar  which  it  contains." 
\f~  : 

The  Weverton  Sandstone  outcrops  on  the  upper  slope 
and  top  of  the  Blue  Ridge  from  the  Potomac  southwest  across 
the  eastern  line  of  Jefferson  County,  with  an  average  width 
of  one-fourth  to  one-half  mile.  Keith  determined  its  thickness 
as  500  to  600  feet.  This  sandstone  forms  high  cliffs  near  the 
top  of  the  mountain,  and  the  western  slope  is  covered  with 
the  large  boulder  debris,  making  a  very  rough  surface,  in 
places  almost  impassable. 

Across  from  Harpers  Ferry  some  ledges  of  the  Weverton 
Sandstone  are  nearly  white,  close-grained,  and  very  hard,  with 
quartz  seams  one  to  two  inches  thick.  Most  of  the  ledges 
are  light-gray,  quite  granular,  and  composed  of  rounded 
grains  of  vitreous  quartz,  some  of  which  are  glassy  white,  a 
few  blue,  and  many  of  an  amethyst  color.  Feldspar  is  pres- 
ent in  smaller  amount,  and  there  are  also  very  minute  grains 
of  magnetite  and  a  considerable  amount  of  epidote. 

Further  south  especially  near  the  Chestnut  Hill  School- 
house  and  south,  the  sandstone  is  very  dark-gray  to  purplish- 
black  with  blue  quartz  grains,  and  a  large  amount  of  mag- 
netite and  probably  ilmenite  which  give  the  dark  color  to  the 
rock.  Some  of  the  ledges  have  a  purple-bronze  color  with 
white  and  blue  quartz  grains,  one-eighth  inch  in  diameter,  but 
mostly  small.  Ledges  of  fine-grained  conglomerate  occur, 
and  a  few  of  these  rocks  are  quite  coarse  in  texture  with  peb- 
bles reaching  a  fourth  inch  in  size.  Some  ledges  are  dark- 
gray  and  granular,  and  thus  resemble  a  granite  in  appearance. 
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In  the  Wilson  Gap  area,  some  ledges  have  weathered  to 
a  reddish-brown  color,  but  most  of  the  outcrops  are  dark- 
purplish,  hard  sandstone.  A  few  ledges  of  soft,  buff  sand- 
stone weathering  to  sand  were  noted  here,  but  they  are  thin. 
Some  of  the  dark  sandstones  show  a  distinct  striation.  The 
Weverton  Sandstone  is  usually  very  hard,  coarse  in  texture, 
snd  in  this  area  the  dark-gray  to  purple-gray  colors  pre- 
dominate. 

LOUDOUN  FORMATION. 

Below  the  Weverton  Sandstone,  Keith  describes  and 
maps  another  series  of  rocks  under  the  name  Loudoun 
Formation,  which  he  describes  in  the  Harpers  Ferry  Folio 
(U.  S.  G.  S.,  No.  10)  as  follows : 

"This  formation  is  in  the  main  a  fine,  dark  slate,  but  it  com- 
prises most  varieties  of  sedimentary  rocks,  such  as  pure  limestone, 
shale,  sandstone,  and  coarse  conglomerates.  It  is  also  extremely 
variable  in  thickness,  ranging  from  10  feet  at  Oatlands  to  800  feet 
four  miles  west  of  that  place.  The  coarser  and  thicker  deposits  are 
found  in  narrow  synclines  scattered  over  the  granite  and  schist;  the 
thinner  and  finer  beds  are  in  the  synclines  which  contain  the  Wever- 
ton Sandstone.  Occasionally,  as  at  Turners  Gap,  the  formation  is 
comparatively  thick  under  the  Weverton  Sandstone.  It  is  so  named 
because  all  its  varieties  are  well  displayed  in  Loudoun  County,  Vir- 
ginia." 

This  formation,  if  present  in  the  Blue  Ridge  area  of 
Jefferson  County,  is  largely  concealed  by  the  sandstone  debris, 
and  it  was  not  recognized,  and  so  is  not  marked  on  the  maps 
with  this  report. 

Keith  in  the  Harpers  Ferry  Folio  gives  the  following 
outline  of  the  origin  of  the  Loudoun  Formation  which  he  finds 
well  developed  in  the  Virginia  area  of  the  Blue  Ridge,  and 
he  also  maps  it  in  the  Jefferson  County  area  in  two  long 
narrow  outcrops  between  the  Weverton  Sandstone  and  the 
1  [arpers  Shale : 

"The  Loudoun  Formation  was  the  first  sediment  deposited  upon 
the  crystalline  rocks,  and  shows  therefore  that  the  land,  which  had 
previously  been  exposed  i<>  wear  and  decay,  was  sunk  beneath  the 
sea.  As  the  sea  advanced  over  the  crystalline  rocks,  it  washed  over 
their  fragments  and  deposited  them  near  their  source.  The  currents 
thai  sorti  d  the  Bediments  were  new  and  unsettled,  so  thai  the  deposits 
were  ven  differenl  In  differenl  places  and  arc  much  more  irregular 
than  in"    later  formation." 
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IGNEOUS  ROCKS. 

Below  the  sedimentary  rock  series  would  come  the 
Archeean  and  Algonkian  crystalline  and  semi-crystalline  rocks, 
the  so-called  igneous  rocks,  which  are  almost  unknown  in  the 
West  Virginia  geology.  The  upper  eastern  slope  of  the  Blue 
Ridge  in  Virginia  is  covered  by  outcrops  of  the  Weverton 
Sandstone,  but  further  south  about  opposite  Kabletown,  West 
Virginia,  this  slope  is  covered  by  igneous  rocks,  mostly  schists, 
which  extend  west  over  the  mountain  crest  into  Jefferson 
County,  West  Virginia,  at  two  places.  One  of  these  outcrops 
is  in  the  extreme  southeastern  corner  of  Jefferson  County,  and 
the  other  is  one  and  a  half  miles  further  north  at  Wilson  Gap. 
The  areas  in  this  county  are  small,  but  they  represent  the  only 
outcrops  of  igneous  rocks  of  the  Archaean  in  this  State. 

The  igneous  outcrop  is  well  exposed  at  Wilson  Gap  along 
the  county  road  where  green  and  dark-brown  amygdaloidal 
rocks  occur,  with  cavities  in  the  rock  one-fourth  inch  in  diam- 
eter containing  quartz  and  epidote  filling.  The  green  rock 
weathers  to  a  greenish-gray  and  buff  color,  and  many  of  the 
rocks  are  very  compact  and  hard.  On  top  of  the  mountain 
are  masses  of  green  to  greenish-gray  igneous  rocks  that  break 
blocky  and  are  slightly  banded  by  asbestos  bands,  one-tenth 
inch  thick.    The  green  color  of  the  rocks  is  due  to  epidote. 

In  the  more  weathered  outcrops  on  the  east  slope  of  the 
mountain  are  gray  to  white  banded  schists,  some  of  which 
have  a  purplish-gray  color,  and  they  are  dotted  with  brown 
oxidized  pyrite  grains.  Further  south  at  the  other  outcrop, 
the  mountain  slope  is  covered  with  igneous  rock  debris,  but 
on  account  of  the  amount  of  this  material  the  rock  was  not 
found  in  place. 

Keith  named  this  formation  the  Catoctin  Schist  from  its 
great  development  in  the  mountain  of  that  name,  and  gives  its 
composition  as  follows  (14th  Annual  Report,  U.  S.  G.  S.,  p. 
307): 


2,20  THE   CAMBRIAN    PERIOD. 

Per  cent. 

Silica    41.28 

Alumina    18.48 

Ferric  iron  oxide 9.44 

Ferrous    iron    oxide 8.20 

Lime   oxide 7.04 

Magnesium   oxide 7 .  486 

Sodium  oxide 3 .  52£5 

Potassium  oxide 2 .  208 

Loss  on  ignition 2 .  740 


100.397 


Keith  explains  the  origin  of  these  schists  in  the  Harpers 
Ferry  Folio  as  follows  : 

"The  schist  was  originally  a  diabase  or  volcanic  rock  composed  of 
crystals  of  feldspar,  pyroxene,  olivine,  magnetite  and  ilmenite.  The 
original  massive  rock  was  altered  by  the  tremendous  pressure  and 
distortion  which  accompanied  folding,  so  that  the  pyroxene  became 
chlorite,  magnetite,  and  quartz;  and  the  feldspar  was  crushed  and 
partly  altered  to  quartz,  chlorite,  and  muscovite.  The  new  minerals 
were  arranged  parallel  to  one  another  and  thus  became  a  schist, 
characterized  by  the  ease  of  splitting  along  these  minerals.  The 
amount  of  alteration  increases  from  the  Blue  Ridge  to  Catoctin  Moun- 
tain. 

"The  diabase  from  which  the  schist  was  produced  was  a  flow  of 
lava  along  the  surface.  It  is  probable  that  there  were  several  erup- 
tions of  somewhat  different  character,  resulting  in  the  different  schists 
which  are  now  found.  Such  distinct  eruptions  can  not  be  proved  by 
the  facts  discoverable  in  this  area." 
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PART  III. 


The  Mineral  Resources  of  the  Eastern 
Panhandle  Area. 


CHAPTER  XIII 


THE  GLASS-SAND  AND  COAL  RESOURCES  OF 
THE  EASTERN  PANHANDLE  COUNTIES. 


GLASS-SANDS. 

Glass  chemically  is  a  fused  mixture  of  alkaline  silicates, 
alkaline  earths,  and  metals ;  or  in  other  words,  it  is  usually 
a  sodium  lime  silicate.  Almost  three-fourths  of  the  compo- 
sition of  glass  is  silica,  and  about  one-eighth  is  lime  oxide. 
In  the  mixture  for  the  manufacture  of  glass,  52  to  62  per 
cent,  is  silica  or  sand  as  illustrated  in  the  following  table 
from  Linton1,  showing  the  proportions  by  weight  of  the  dif- 
ferent ingredients  used  in  the  manufacture  of  different  kinds 
of  glass: 


'Mineral  Industry,  Vol.  8,  pp.  244-5;  1899. 


322 


THE  GLASS-SAND  AND  COAL   RESOURCES  OF  THE  EASTERN 
PANHANDLE   COUNTIES. 


Plate      Window     Green 


Lead 


Glass.       Glass.       Bottle       Flint. 


Sand    100  100 

Salt-cake  (Na-SOJ 42 

Soda-ash  (Na,C03) 36 

Limestone  (CaC03) 24  40 

Carbon    (charcoal) 0.75  6 

Arsenic    1  2 

Potash    (carbonate) 

Red  lead 

Niter  (sodium  nitrate) 

Manganese    

Antimony 


100 
38 


34 
5 


100 


0.15 
34 
48 

6 

0.06 

0.02 


Lime  oxide  is  often  used  in  place  of  limestone,  but  it  is 
claimed  that  by  use  of  the  limestone,  the  carbonic  acid  gas 
being  thrown  off  in  the  pots  or  retorts  passes  up  through  the 
mixture  giving  a  more  thorough  mixing  and  also  that  its 
slower  action  in  the  batch  insures  a  better  and  more  uniform 
product.  The  lime  oxide  or  quicklime,  or  the  limestone  used, 
must  be  as  pure  as  possible  and  free  from  magnesia  and  iron. 
The  limestone  in  the  form  of  carbonate  is  also  more  stable  as 
the  quicklime  will  tend  to  absorb  some  carbonic  acid  from 
the  air  and  thus  vary  somewhat  in  its  composition. 

The  sodium  element  is  added  in  form  of  carbonate  or 
soda-ash,  or  in  the  form  of  the  sulphate  called  salt-cake. 
Linton  states  that  at  the  high  temperature  of  the  retort,  the 
carbonic  acid  of  the  sodium  carbonate  escapes  and  then  trie 
sodium  unites  with  the  sand  forming  a  sodium  silicate.  In 
the  use  of  sodium  sulphate  or  salt-cake,  carbon  in  the  form 
of  charcoal  or  ground  coal  is  added  so  that  at  the  high  tem- 
perature, the  carbonic  acid  gas  and  sulphur  dioxide  pass  oft 
and  the  sodium  unites  with  the  sand  to  form  the  sodium  sili- 
cate compound.  With  the  addition  of  lime,  which  also  unites 
with  the  sand  forming  a  lime  silicate,  there  results  a  sodium 
lime  silicate  which  is  glass.  Arsenic  added  also  aids  in  removal 
of  any  carbon  in  the  mixture  and  gives  brilliancy  to  the  glass. 
Antimony  is  often  used  for  the  same  results. 

The  silica  is  obtained  in  some  countries  by  crushing  flint 
or  quartz  rock,  but  in  this  country,  sand  is  used  in  nearly  all 
the  plants.  The  above  table  shows  that  silica  or  sand  is  the 
most  important  ingredient    in   quantity,  and   it   must  be  of  a 
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high  degree  of  purity,  uniform  in  composition  and  texture,  to 
secure  the  best  results.  Chemically  it  should  contain  a  high 
percentage  of  silica  not  less  than  about  99  per  cent.  In  order 
to  secure  the  best  results  the  grains  of  sand  should  be  angular 
rather  than  rounded.  The  rounded  sand  grain  is  apt  to  settle 
to  the  bottom  of  the  retort  and  not  give  a  uniform  mixture. 
Iron  impurity  will  color  the  glass  resulting  in  brown,  yellow, 
or  green  shades,  very  objectionable  in  window-glass  or  in 
grades  of  glassware  where  transparency  and  brilliancy  are 
required.  The  temperature  of  fusion  depends  on  the  quantity 
of  sand  added  to  the  mixture  and  the  hardness  of  the  glass 
is  largely  determined  by  the  amount  of  sand  added.  In  elec- 
trical glassware  the  higher  silica  increases  the  resistance  to 
conduction  of  the  current. 

The  proportions  of  ingredients  in  the  glass  mixture,  as 
shown  in  the  above  table,  vary  for  different  kinds  of  glass,  and 
also  vary  within  small  limits  in  the  usage  of  different  factories, 
and  in  the  use  of  different  sources  of  raw  materials.  It  be- 
comes a  very  important  factor  in  glass  manufacture  to  select 
pure  and  reliable  components  and  to  mix  these  in  the  proper 
proportions.  According  to  Linton,  in  the  article  quoted  above, 
an  excess  of  alkali  will  result  in  a  fading  glass  often  with 
rough  scaly  surface.  An  excess  of  lime  and  also  alumina  will 
cause  the  glass  to  devitrify  and  then  become  flaky  and  brittle. 
Glass  which  has  been  exposed  to  atmospheric  action  for  long 
periods  of  time  shows  some  devitrification,  but  an  excess  of 
lime  or  alumina  will  greatly  hasten  and  increase  this  alter- 
ation. The  excess  of  lime  also  tends  to  make  the  glass  hard 
and  brittle  so  that  more  work  and  care  are  required  in  the 
working  of  the  mixture  and  in  the  annealing  of  the  product. 
Too  much  sand  requires  a  higher  temperature  of  fusion  and 
also  results  in  an  incomplete  fusion  with  the  glass  full  of 
"stone"-like  pieces  and  stringers  of  opaque  material. 

In  order  to  manufacture  clear,  transparent,  and  colorless 
glass,  the  materials  used  must  be  without  coloring  impurities 
of  which  the  most  common  is  iron.  Both  sand  and  lime  are 
selected  that  are  as  low  in  iron  as  it  is  possible  to  obtain,  but 
iron,  at  least  in  minute  quantity,  is  always  present  in  the  rock 
materials,  and  it  is  neutralized  in  the  glass  furnace  by  the 
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addition  of  cobalt,  arsenic,  antimony,  nickel  oxide,  or  man- 
ganese. Manganese  is  especially  used  in  window-glass,  white 
bottle,  tableware,  etc.  It  tends  to  give  a  light-violet  color 
which  overcomes  the  yellow  or  green  tint  of  the  iron. 

In  the  successful  and  economic  manufacture  of  glass,1 
good  materials  for  the  mixture  must  be  available  at  as  low 
cost  as  possible  and  the  plants  should  be  located  near  the 
source  of  supply,  but  another  very  important  factor  that  gov- 
erns location  of  plants  is  cheap  fuel.  Glass  manufacture  re- 
qiiires  a  very  high  and  uniform  temperature  which  is  best 
obtained  by  use  of  gas,  natural  or  artificial,  and  natural  gas  is 
the  most  desirable  fuel.  Any  fluctuations  in  temperature  will 
be  recorded  in  injury  to  product.  The  high  temperature  must 
be  not  only  attained  but  maintained. 

The  history  of  the  American  glass  industry  is  one  of 
migration,  and  the  centers  of  manufacture  have  followed  the 
natural-gas  driller.  Before  the  modern  great  development  of 
the  natural-gas  fields  in  1887,  one  of  the  most  important  cen- 
ters of  glass  manufacture  was  at  Bellaire,  Ohio,  on  the  Ohio 
River  and  across  the  river  at  Wheeling.  With  the  opening 
of  the  natural-gas  fields  in  northern  Ohio,  these  plants  moved 
from  the  Ohio  River  Valley  to  Lima,  Fostoria,  Findlay,  and 
later  into  Indiana.  Some  of  these  plants  later  followed  the 
gas  development  further  west  into  Kansas  and  Oklahoma. 

With  the  greatly  increased  yield  of  natural  gas  in  the 
West  Virginia  fields,  many  of  these  plants  moved  from 
northern  Ohio  and  Indiana  into  this  State  and  are  still  in 
process  of  migration  into  the  gas  regions  of  the  same.  New 
plants  are  springing  up  each  year,  and  the  State  has  become 
one  of  the  most  important  glass  centers  of  the  country  with 
some  of  the  largest  plants  in  the  world.  This  State  is  endowed 
by  Nature  for  the  economical  manufacture  of  glass.  It  con 
tains  the  largest  and  most  productive  natural  ,uas  fields  of  the 
world  which  will  lasl  for  many  years  yet,  and  when  llie  gas 
is  exhausted,  there  are  tin-  rich  coal  fields  near  at  hand  for 
the  manufacture  of  producer  gas  without  any  long  hauls  on 
this  fuel,  and  coals  that  arc  especially  rich. in  gaseous  content. 
There  arc  practically  inexhaustible  deposits  of  the  purest  lime- 
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stone  known,  and  large  deposits  of  glass-sandstone  almost  100 
per  cent,  pure,  and  there  are  short  freight  hauls  on  the  soda 
compounds  from  the  Solvay  plants  near  Buffalo,  New  York, 
with  the  possibility  of  making  these  compounds  at  the  salt 
works  along  the  Ohio  River  both  north  and  south  of  Par- 
kersburg.  There  are  present,  excellent  railroad  facilities  lead- 
ing in  all  directions.  West  Virginia  is  the  natural  center  for 
the  glass  manufactures  and  each  year  this  is  being  appre- 
ciated more  and  more. 

The  West  Virginia  glass  plants  center  at  Wheeling, 
Morgantown,  Fairmont,  Grafton,  Clarksburg,  Weston,  Salem, 
Parkersburg,  Huntington,  Sistersville,  and  many  smaller  cities 
through  the  natural-gas  belt.  The  lime  and  limestone  for 
their  use  and  the  glass-sand  come  mainly  from  Berkeley 
and  Morgan  Counties.  These  two  counties  furnish  the  large 
bulk  of  material  used  in  these  plants  at  the  present  time. 

To  illustrate  the  demand  for  glass-sand  in  a  glass  plant, 
one  of  the  window-glass  companies  in  the  State,  operating  a 
36-blower  tank  running  at  full  capacity,  uses  150  tons  of  sand 
a  week  and  25  to  30  tons  of  limestone.  The  glass-making 
season  extends  over  a  period  of  ten  months  from  September  to 
June  30th,  and  if  this  plant  was  operated  at  full  capacity  for 
this  period,  would  use  6,000  tons  of  glass-sand  a  year.  No.  1 
glass-sand  is  usually  sold  at  one  dollar  a  ton  at  the  plant,  and 
the  No.  2  sand  at  75  cents  a  ton.  The  No.  2  contains  more  im- 
purities than  the  No.  1,  and  is  apt  to  run  higher  in  iron  but  is 
used  in  many  forms  of  glassware  as  bottles,  etc. 

-  The  most  important  glass-sand  district  in  West  Virginia 
is  near  Berkeley  Springs  in  Morgan  County,  where  the  Oris- 
kany  Sandstone  is  quarried.  This  sandstone  outcrops  on  a 
number  of  ridges  in  both  Morgan  and  Berkeley  Counties, 
being  usually  much  iron-stained,  impure,  and  often  quite  hard , 
but  on  the  Warm  Spring  Ridge  near  Berkeley  Springs,  it  is  a 
snow-white  crumbly  sandstone  or  sand  especially  adapted  to 
use  as  glass-sand. 

The  Warm  Spring  Ridge  represents  a  portion  of  the  east- 
ern limb  of  the  Cacapon  Mountain  Anticline  and  the  Oriskany 
Sandstone  on  the  fold  is  brought  to  the  surface  at  the  top 
and  eastern. upper  slope  of  the  ridge  with  a  steep  eastern  dip 
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of  50  to  60  degrees.  It  is  underlain  on  the  west  by  the  Helder- 
berg  and  Silurian  Limestones,  while  on  the  eastern  side  it  is 
overlain  by  the  dark  shales  of  the  Marcellus  and  Hamilton. 
Its  slopes  are  steep  especially  on  the  east  side.  This  ridge 
extends  from  the  Potomac  River  opposite  Hancock,  Maryland,, 
southwest  ten  miles,  where  it  is  cut  across  by  the  transverse 
valley  of  Rock  Gap  Run,  and  then  continues  for  several  miles 
further  southwest  in  a  series  of  elongated  hills.  Its  continua- 
tion north  in  Maryland  is  known  as  Cove  Ridge.  The  general 
direction  of  the  ridge  is  north  20  to  25  degrees  east,  and  it 
rises  in  elevation  from  700  to  800  feet  near  the  Potomac,  to 
1100  and  1200  feet  at  the  south,  with  a  rather  level  top  repre- 
senting the  remnant  of  old  peneplain  levels.  The  ridge  sepa- 
rates the  valley  of  Sir  Johns  Run  on  the  west  from  that  of 
Warm  Spring  Run  on  the  east.  The  town  and  summer  resort 
of  Berkeley  Springs  is  located  in  the  valley  at  the  foot  of  the 
ridge  on  the  east  and  is  reached  by  a  branch  of  the  Baltimore 
and  Ohio  Railroad  from  Hancock  Station. 

As  the  Oriskany  Sandstone  is  followed  north  into  Mary- 
land, it  is  a  brown  impure  sand  rock  used  only  for  building 
sand,  but  on  the  western  limb  of  the  anticline  on  Tonoloway 
Ridge  in  Maryland,  a  good  grade  of  sand  is  said  to  occur  and 
is  mined  to  some  extent.  In  the  counties  to  the  south  of 
Morgan,  the  Oriskany  runs  too  high  in  iron  and  it  is  usually 
a  brownish-yellow  colored  rock.  The  present  development 
of  the  glass-sand  industry  extends  from  a  point  on  Warm 
Spring  Ridge  about  three-fourths  mile  south  of  the  Potomac 
River,  thence  south  three  miles  to  Berkeley  Springs.  Good 
sand  is  found  on  south  as  far  as  the  Virginia  Line,  but  lack 
of  railroad  facilities  beyond  the  town  prevents  any  develop- 
ment in  that  direction. 

This  sandstone  lying  on  the  upper  slopes  of  the  ridge 
while  the  railroad  follows  the  valley  below  affords  favorable 
locations  of  quarries  and  plants  with  gravity  haulage  of  th< 
materials.  The  plants  are  usually  built  200  to  300  feet  below 
the  <|uarry  floor  in  tiers  so  that  the  material  continually  de- 
scends   in    the    process   of   preparation    from    one    level    to    tin 

In-low. 
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Water  is  very  essential  in  the  operation  of  these  sand  plants. 
It  must  be  abundant  and  pure,  and  the  Berkeley  Springs  area 
is  abundantly  furnished  with  such  pure  water  by  the  springs 
at  the  town  which  supply  the  stream  from  which  it  is  pumped 
into  reservoirs  at  the  sand  plants.  The  waste  water  with  its 
load  of  clay  and  fine  sand  is  discharged  into  the  run  again 
below  the  sand  plants,  so  that  the  stream  exhibits  a  very 
muddy  current  toward  the  river,  with  its  banks  and  flats 
covered  with  white  glistening  sand-bars.  Small  dams  are 
constructed  here  and  there  to  prevent  too  much  debris  being 
carried  down  to  the  river. 

All  the  sand  plants  near  the  town  secure  their  water- 
supply  from  this  run,  but  the  plant  of  the  Pennsylvania  Sand 
Company  furthest  south  in  the  Warm  Spring  Valley  has  con- 
structed a  pipe-line  to  the  Potomac  just  below  Sir  Johns  Run, 
and  pumps  the  water  over  the  ridge  to  a  large  reservoir  at 
the  plant.  The  Hancock  plant  on  the  Baltimore  and  Ohio 
main  line  about  one  mile  west  of  Hancock  Station  has  a  large 
spring  of  clear  water  which  issues  from  the  foot  of  the  ridge 
and  furnishes  an  abundant  supply. 

The  district  thus  contains  a  practically  inexhaustible  sup- 
ply of  pure  white  sand,  abundant  pure  water,  and  good  rail- 
road facilities.  New  plants  are  being  built  from  time  to  time 
and  the  trade  appears  to  be  rapidly  increasing. 

It  has  been  pointed  out  that  a  good  glass-sand  must  run 
low  in  impurities.  In  any  glass-sandstone  quarry,  the  differ- 
ent ledges  are  apt  to  vary  somewhat  in  composition  and  tex- 
ture. Some  ledges  are  harder  than  others  and  they  may  be- 
come so  hard  and  dense  as  to  grind  in  part  to  a  flour.  Where 
the  stone  thus  forms  a  flour  instead  of  angular  grains,  it  gives 
a  ropy  structure  in  the  glass  and  hence  must  be  rejected^ 
Any  ledges  which  run  too  high  in  impurities  must  be  rejected. 
The  sandstone  as  it  comes  from  the  quarry  usually  contains 
some  clay  and  some  iron-stained  masses  which  are  separated 
as  far  as  possible  in  the  quarry,  but  much  of  it  is  in  a  finely 
disseminated  condition  and  must  be  removed  by  a  process  of 
washing,  and  this  process  must  be  very  thorough.  Glass- 
sandstone  which  can  be  used  direct  from  the  quarry  for  No.  1 
glass-sand  .is  practically  unknown.     All  the   sandstone   then 
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requires  a  method  of  treatment,  and  there  is  a  marked  uni- 
formity in  the  methods  of  preparation  throughout  this  country. 
The  steps  in  the  process  of  preparation  of  glass-sand  for  the 
market  are:  1. — Quarrying  the  stone;  2. — Transportation  to 
the  mill;  3. — Crushing  of  the  sandstone;  4. — Screening;  5. — 
Washing  of  the  sand;  6. — Drying  of  the  washed  sand;  7. — 
Storage  of  the  finished  product. 

1. — The  glass-sand  quarries  are  large  open  cuts  located 
en  what  is  considered  the  best  portion  of  the  sandstone 
stratum  and  convenient  to  a  plant  site  near  the  railroad.  If 
the  quarry  can  be  located  at  a  level  above  the  plant,  the  grav- 
ity incline  to  the  plant  adds  to  the  economy  of  operation. 
Most  of  the  Berkeley  Springs  quarries  are  more  or  less  circu- 
lar in  outline,  so  that  the  radiating  tracks  center  to  the  outlet 
track  giving  a  considerable  number  of  short  tracks  so  that  a 
large  number  of  men  can  thus  work  at  one  time. 

The  sandstone  here  is  quite  crumbly  and  is  broken  down 
into  sand  or  soft  sandstone  blocks  with  but  little  use  of  pow- 
der. Light  shots  are  used  to  loosen  the  ledges  and  roll  down 
a  larger  amount  of  material  at  the  tracks.  Much  of  the 
material  can  be  shoveled  into  the  ordinary  mine  or  quarry 
cars.  Pockets  of  loose  sand  occur  in  the  ledges,  some  of  large 
size.  Surface  portions  that  have  rolled  down  into  the  quarry 
and  any  discolored  blocks  are  loaded  separately  into  cars  and 
run  through  the  plant  separately  for  building  or  engine  sand. 
Some  of  the  harder  and  more  compact  ledges  and  conglom- 
erates when  present  in  ledges  are  thrown  aside  on  a  dump. 
The  conglomerate  or  pebble  rock  which  occurs  through  the 
sand  rock  in  some  of  the  quarries  is  separated  in  the  plant. 

At  Berkeley  Springs  the  overlying  shales  on  the  east  or 
quarry  side  of  the  ridge  must  be  cut  through  to  reach  the 
sandstone.  The  quarry  thus  has  a  peculiar  appearance  from 
a  distance.  There  is  against  the  ridge  the  large  open  face  of 
glistening  white  sandstone  reached  by  a  narrow  dark  cu1 
through  tin-  shales.  On  the  west  slope  of  the  ridge  where 
there  is  one  quarry,  the  sandstone  is  reached  by  a  tunnel 
through  the  underlying  Hclderberg  Limestone. 

On  account  of  the  soft  character  of  the  sandstone  and  its 
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steep  slope  (6o°  E.)  in  this  region,  the  stone  can  be  pried 
loose  with  bars,  and  then  it  rolls  to  the  floor  of  the  quarry  in 
large  masses.  A  small  quantity  of  black  powder  in  the  more 
solid  seams  completes  the  work.  Care  is  required  to  keep  the 
steep  slope  free  from  sliding  masses  which  might  endanger 
the  workmen.  Owing  to  the  porous  character  of  the  rock, 
the  quarries  are  dry  and  the  pumping  problem  is  fortunately 
absent. 

The  surface  cover  is  light,  but  the  sandstone  for  several 
feet  below  the  surface  is  iron-stained  and  contains  some 
alumina  admixture,  so  that  these  upper  portions  are  used  for 
the  common  grades  of  sand.  The  outer  or  upper  ledges  of  the 
sandstone  formation  are  often  quite  hard  and  resistant  and 
are  not  worked  but  are  left  to  form  the  outer  wall  of  the 
quarry.  On  account  of  the  ease  of  working  this  sandstone 
and  the  large  floor  area  of  most  of  the  older  quarries,  a  small 
number  of  workmen  can  in  a  day  remove  a  large  tonnage  of 
stone  and  sand. 

2. — Transportation  to  the  Plant. — The  sand  is  loaded  in 
2-  to  2^2-ton  mine  cars  which  are  hauled  by  mules  to  the 
top  of  the  incline  and  then  are  let  down  by  an  ordinary 
cable  tram  working  over  a  large  wooden  drum,  the  loaded 
car  passing  down  and  the  empty  up.  Where  the  slope 
is  less  steep,  the  cars  are  let  down  by  brakes  to  the  plant  and 
hauled  back  to  the  quarry  by  mules.  At  the  Hancock  plant, 
which  has  a  long  track  from  quarry  to  plant,  a  small  saddle- 
tank  locomotive  is  used  for  haulage  of  a  train  of  these  quarry 
cars.  At  one  plant  the  crushing  part  is  located  at  the  quarry 
and  the  crushed  sand  is  carried  by  water  through  a  pipe  to  the 
main  plant. 

3. — Crushing  of  the  Stone. — The  softer  sand  will  contain 
lumps  of  sandstone  more  or  less  hard,  and  to  insure  uniform 
grain  and  texture,  and  also  to  aid  in  the  thorough  intermixture 
of  the  sand  from  the  different  ledges  and  thereby  secure  a 
more  uniform  product,  the  sand  from  the  quarry  is  run 
through  a  wet  pan,  which  is  usually  a  cylindrical  iron  pan 
about  eight  feet  in  diameter  and  ten  or  twelve  inches  high  in 
which  revolve  heavy  iron  wheels  or  mullers.  The  pan  is  sim- 
ilar in  construction  to  those  used  in  potteries  or  sewer-pipe 
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works.  Water  is  added  and  the  revolving  mullers  break 
the  sand  lumps  which  become  thoroughly  mixed  and  pass 
through  a  screen  opening  at  the  side  of  the  pan.  If  the  sand- 
stone is  rather  hard  it  is  first  crushed  in  a  jaw  crusher  of 
Blake  or  other  pattern  and  then  placed  in  the  wet  pan  or 
sent  directly  to  the  washing  department. 

4. — Screening. — The  crushed  sand  is  screened  to  separate 
any  hard  lumps  that  may  remain  and  to  insure  uniform  size 
of  material.  The  sand  is  conveyed  through  short  troughs  from 
the  wet  pan  to  the  screens  which  are  usually  revolving  cylin- 
ders about  three  feet  in  diameter  and  ten  to  fourteen  inches 
in  section  across.  They  are  set  vertical  like  a  big  wheel  and 
covered  with  16-mesh  wire  screen.  The  water  and  fine  sand 
pass  through  this  screen  into  a  trough  leading  to  the  washer, 
while  the  tailings  are  thrown  by  the  motion  of  the  screen 
through  an  opening  at  the  side  and  returned  to  the  wet  pan. 
Two  screens  are  usually  required  to  each  pan  and  they  are 
revolved  at  low  speed. 

5. — Washing. — One  method  of  washing  glass-sand  is  used 
at  all  the  plants  at  Berkeley  Springs  and  in  the  Pennsylvania 
plants.  From  the  screens  the  sand  is  carried  in  a  large  sur- 
plus of  water  to  the  washing  department  which  consists  of  a 
series  of  inclined  wooden  boxes  or  troughs,  10  to  14  feet  long 
and  10  to  12  inches  wide.  Each  alternate  trough  contains  a 
rotating  screw  conveyor  with  wide  blades  which  carry  the 
sand  from  the  bottom  of  the  box  to  the  top  where  it  is  dis- 
charged into  the  next  trough  which  is  without  a  conveyor, 
and  is  there  washed  to  the  bottom  where  it  passes  into  the 
bottom  of  the  next  conveyor  trough.  There  are  usually  four 
or  five  troughs  of  which  two  to  three  have  the  screw  con- 
veyors, in  a  single  washer  set  to  one  wet  pan.  The  sand 
leaves  the  last  trough  free  from  clay  and  impurities  and  passes 
on  a  belt  conveyor  to  the  drying  room. 

The  loss  of  the  clay  and  impurities  is  clearly  seen  in  the 
change  of  color  of  the  water-sand  mixture-  in  the  different 
troughs.  The  liquid  mass  has  a  muddy-yellow  or  brown  color 
in  i  he  first  conveyor  trough,  and  somewhat  lighter  color  in 
the  second,  while  in   the  last   one   the   water  is  clear  with  the 
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pure  white  sand  in  it.  If  pebbles  are  present  in  the  sand,  the 
washed  product  from  the  last  conveyor  is  carried  to  another 
circular  vertical  rotating  screen  like  those  used  at  the  wet 
pan,  and  the  pebbles  are  separated  from  the  sand. 

6. — Drying. — The  sand  as  it  comes  from  the  washing  con- 
\eyors  is  very  wet  with  a  large  amount  of  water  held  in  the 
interspaces  of  the  sand  grains.  This  wet  sand  in  some  plants 
is  dumped  on  a  storage  floor  where  it  drains  and  is  then 
shoveled  on  to  a  conveyor  belt,  or  it  falls  through  open  doors 
in  the  floor  on  such  a  belt  which  carries  it  to  the  drying  room. 

In  some  plants  a  Cummer  hot  air  cylinder  drier  is  used 
with  coke  fuel.  The  cylinder  is  22  feet  long  and  has  a  capacity 
of  120  tons  of  dry  sand  in  ten  hours.  Most  of  the  plants  at 
Berkeley  Springs  prefer  a  steam  pipe  drier  in  which  a  long 
box  compartment  has  near  its  floor  a  series  of  long  steam  coils 
and  the  sand  is  dropped  from  the  conveyor  belt  into  this  box 
When  dry  the  sand  falls  through  this  box  to  a  slowly  moving 
belt  that  carries  the  sand  through  the  box  and  dumps  it  at 
the  end  into  a  boot  elevator  which  lifts  it  to  an  upper  belt 
conveyor  ending  in  turn  at  the  storage  bins. 

7. — Storage. — Nearly  all  the  plants  in  this  section  are 
equipped  with  large  storage  bins.  These,  in  some  plants,  are 
timbered  cribs  elevated  above  the  car  level,  or  they  may  be 
steel  or  concrete  bins.  The  usual  plant  storage  capacity  is 
around  500  to  600  tons. 

Glass-sands  are  produced  in  a  large  number  of  the  States 

and  are   often   of  very  high-grade.     Analyses   will  be   given 

later  in  this  Chapter  of  the  different  sands  at  Berkeley  Springs 

and  it  may  be  of  interest  to  record  some  of  the  analyses  from 

other  States  for  comparison  with  these  West  Virginia  sands. 

The  following  analyses  are  quoted  from  the  U.  S.  Geological 

Survey  Bulletin  285   (pp.  456,  462)   and  from  Linton's  article 

in  Mineral  Industry: 

Fredonia,  Jackson, 

Ottawa.     Illinois.       Kansas.  Missouri.  Penna.  W.  Va. 

Silica    99.45          99.89           97.94  99.52  99.06  99.86 

Iron  oxide. ...  {  0.30           trace             0.63  0.07  trace  0.06 

Alumina    \                      0.05  0.16  0.76  0.18 

In  the  same  Bulletin  (p.  455),  the  following  analyses  are 
given  of  glass-sands  used  by  the  Pittsburgh  Plate  Glass  Com- 
pany at  Pittsburgh: 
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Silica    99.21  98.90  98.95  98.94 

Alumina    0.30  0 .  20  0.50  0 .  30 

Volatile    matter 0.21  0.25  0.24  0.23 

Iron   oxide 0.003  0.002  0.0024  0.0036 

Lime   oxide 0.20  0.54  0.30  0.40 

Magnesium    oxide...  trace  0.20  0.10  trace 

99.923    100.092    100.0924    99.8736 

Linton  (Mineral  Industry,  Vol.  9,  p.  239)  gives  the  fol- 
lowing analyses  of  glass-sands  used  in  Europe : 

Nievelstein.     Hohenbocka.     Berlin.  Fontainebleau. 

Silica 99.975  99.71  99.50  98.80 

Lime   oxide 0.010 

Magnesium  oxide       0.006 

Iron  and  alumina       0.009  0.18  0.70 

The  Ottawa,  Illinois,  glass-sand  is  considered  the  standard 
glass-sand  of  the  West  and  the  analyses  of  Berkeley  Springs 
sand  compare  most  favorably  with  this  sand.  The  iron  per- 
centage in  the  Berkeley  Springs  No.  1  sand  is  less  than  one- 
tenth  of  one  per  cent.,  so  that  it  is  safe  for  the  highest  grades 
cf  glass.  The  alumina  is  under  two-tenths  of  one  per  cent.,  so 
that  it  is  practically  inert. 

A  description  of  the  operating  plants  in  the  Morgan 
County  district  will  now  be  given  in  the  order  of  their  loca- 
tion from  the  Potomac  River  toward  Berkeley  Springs.  These 
plants  were  described  in  Volume  IV  of  the  West  Virginia 
Geological  Survey  Reports  issued  in  1909  and  with  a  few 
changes  the  descriptions  in  that  volume  apply  to  the  district 
at  the  present  time. 

PENNSYLVANIA  GLASS  SAND  COMPANY. 

Hancock  Plant. — The  offices  of  the  Pennsylvania  Glass 
Sand  Company  arc  located  at  Lcwiston,  Pennsylvania,  with 
sales  offices  at  Pittsburgh  and  Philadelphia.  The  Hancock 
plant  is  located  one  mile  west  of  I  lancock  Station  on  the  main 
line  of  tli1'  Baltimore  and  Ohio  Railroad,  and  the  quarry  is 
three  fourths  mile  southwest  of  the  mill. 

The  Hancock  mill  was  started  over  45  years  ago,  and 
imtil   L903  it   was  owned  1>\    tin-   Hancock   White  Sand  Com- 
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pany.  The  plant  was  rebuilt  in  1905  and  consists  of  two  sec- 
tions, one  devoted  to  the  preparation  of  glass-sand,  while  the 
other  section  contains  the  pulverizer  equipment  for  finely 
crushed  sand.  Both  are  substantial  frame  buildings,  equipped 
with  modern  machinery  for  the  preparation  of  sand  products. 

The  sand  and  sandstone  from  the  quarry  are  brought 
down  an  incline  tramroad  in  mine  cars  hauled  by  a  small  loco- 
motive, and  dumped  into  storage  bins.  A  large  spring  comes 
out  of  the  ridge  back  of  the  plant  and  it  furnishes  an  abundant 
supply  of  water  which  is  quite  pure  and  free  from  clay  or 
mud,  and  iron. 

The  sand  rock  at  the  Hancock  plant  quarry  is  very  friable 
so  that  it  is  readily  crushed  in  an  ordinary  8-foot  wet  pan. 
After  crushing,  the  loose  sand  with  its  clay  and  other  impuri- 
ties is  conveyed  with  water  into  the  rotating  circular  screen 
of  16-mesh.  The  coarsely  screened  sand  is  carried  by  a  trough 
with  the  water  into  the  washing  department  which  consists 
of  five  washing  troughs  to  one  wet  pan  and  the  sand  leaves 
the  fifth  conveyor  trough  free  from  the  yellow  clay. 

Since  the  rock  at  this  quarry  contains  a  considerable  num- 
ber of  small  flint  pebbles,  the  washed  sand  from  the  last  con- 
veyor is  carried  into  a  third  circular  screen  which  separates 
these  pebbles  from  the  sand.  The  white  sand  free  from  peb- 
bles is  then  conveyed  to  a  Cummer  drier  with  a  daily  capacity 
of  120  tons  in  ten  hours.  The  sand  from  the  drier  is  again 
screened  through  a  20-mesh  screen  and  taken  in  elevators  to 
the  storage  bins. 

The  float  sand  and  clay  from  the  washers  is  sold  to  fire- 
brick factories,  while  the  less  pure  sand  "is  sold  for  building 
or  for  engine  sand.  The  small  pebbles  from  the  last  screen 
find  a  sale  for  use  in  pebble  asphalt  roofing.  At  the  Hancock 
plant  there  are  two  sets  of  wet  pans,  screens,  and  washing 
conveyors,  or  in  other  words,  it  is  a  two-mill  plant.  The 
capacity  of  the  plant  is  150  tons  daily  of  the  No.  1  glass-sand, 
requiring  for  the  machinery  60  to  70  horse-power.  A  sample 
of  the  No.  1  sand  was  analyzed  in  the  Survey  laboratory  with 
the  following  result :  Per  centi 

Silica-    99 .  60 

Iron    oxide 0.0286 

Alumina    0 .  4214 
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Pulverizing  Mill. — One  of  the  interesting  parts  of  this 
plant  is  the  pulverizing  mill,  operated  under  the  name  of  the 
Potomac  Pulverizing  Plant,  where  the  sand  is  crushed  to  a 
flour  of  various  grades  of  fineness. 

The  equipment  includes  two  tube  mills,  24  feet  long  and 
6  feet  in  diameter,  filled  one-third  full  of  flint  pebbles.  The 
sand  from  the  glass-sand  plant  is  brought  over  in  conveyors 
into  these  mills  and  ground  by  the  action  of  the  pebbles  in 
the  rotating  tube  mills.  The  mills  are  lined  with  silica  blocks 
weighing  in  all  12  tons  and  lasting  about  ten  months  when 
they  must  be  renewed.  The  lining  and  pebbles  wear  down 
to  a  flour,  but  since  they  consist  of  very  pure  silica,  they  do 
not  form  an  impurity  in  the  crushed  sand,  and  being  sold  with 
the  sand  flour  part  of  their  original  cost  is  recovered. 

The  sand  is  ground  so  as  to  pass  through  90-,  100-,  110- 
mesh  screens,  and  the  material  is  used  for  paint,  scouring  and 
polishing  powders,  and  for  certain  kinds  of  soap.  One  mill  has 
a  capacity  of  18  tons  of  sand  flour  in  ten  hours  when  crushed 
to  pass  the  110-mesh  screen.  The  capacity  is  reduced  to  10 
to  12  tons  in  ten  hours  with  a  140-mesh  screen.  For  a  few 
special  uses  as  for  example  silver  polish,  the  sand  is  crushed 
to  pass  a  260-mesh  screen,  and  with  this  fineness  one  mill  will 
only  yield  about  150  pounds  in  ten  hours. 

Quarry. — The  quarry  of  the  Hancock  plant  is  located  near 
the  top  of  the  mountain,  three-fourths  mile  from  the  mill  and 
280  feet  above  the  Baltimore  and  Ohio  Railroad  track.  The 
whole  top  of  the  mountain  is  composed  of  the  Oriskany  White 
Sandstone  while  on  the  upper  western  slope  is  the  Heldcrberg 
Limestone  through  which  a  tunnel  is  cut  to  reach  the  sand- 
stone. The  sandstone  on  outcrop  is  often  quite  hard  and  com- 
pact resembling  a  quartzitc,  the  grains  of  the  rock  being 
cemented  by  silica,  and  this  portion  is  not  quarried.  In  the 
quarry  the  rock  is  very  friable,  often  breaking  into  sand  under 
the  sledge.  Pockets  of  loose  white  sand  are  found.  Very 
little  blasting  is  required  excepl  for  the  purpose  of  loosening 
portions  of  the  rock  wall  at  a  time.  The  larger  blocks 
are  readily  broken  by  the  sledge  and  much  of  the  material  is 
shoveled   into  the  cars.     Practically  all   the  sand  grains  will 
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pass  through  a  40-mesh  sieve.  The  quarry  is  worked  in  a 
north  and  south  direction  with  a  strong  eastern  dip  so  that 
the  blocks  roll  down  to  the  floor  of  the  quarry.  It  was  for- 
merly worked  by  tunnels,  but  the  quarry  is  now  a  large  open 
cut.  It  is  about  450  feet  long,  150  feet  wide,  and  100  feet  deep 
to  the  main  floor  of  the  quarry,  but  a  portion  of  it  near  the 
tunnel  entrance  is  worked  25  to  30  feet  deeper,  the  sand  being 
drawn  up  an  incline  to  the  main  track  level.  The  stone  lies 
under  very  little  cover,  but  in  a  few  places  is  covered  by  two 
or  three  feet  of  clay.  The  top  of  the  sandstone  is  30  feet  above 
the  top  of  the  quarry  which  would  give  an  exposed  thickness 
at  this  place  of  160  feet,  but  the  quarry  is  not  yet  at  the  bottom 
of  the  sandstone. 

Berkeley  Plant. — The  second  plant  of  the  Pennsylvania 
Glass  Sand  Company  is  located  four  miles  from  Hancock  up 
the  Berkeley  Springs  Branch  of  the  Baltimore  and  Ohio  Rail- 
road. This  is  a  two-mill  plant  similar  in  plan  to  the  Hancock 
plant,  only  built  in  more  compact  form,  and  a  Blake  machine 
is  used  in  the  preliminary  crushing  of  the  sandstone.  One 
mill  includes  a  Blake  crusher  with  two  screens  and  eight 
washing  troughs,  while  the  other  has  a  Blake  crusher,  screens, 
and  seven  troughs.  The  sand  is  dried  in  a  long  compartment 
heated  by  steam  coils  with  7,000  feet  of  heating  surface  and  a 
capacity  of  ten  tons  of  dry  sand  per  hour.  The  daily  capacity 
of  the  plant  is  180  tons  of  glass-sand. 

The  following  analyses  were  made  of  this  sand.  The 
analysis  marked  "A"  is  the  No.  1  glass-sand  washed  and  ready 
for  the  market.  No.  80  is  the  No.  1  sand  as  taken  from  the 
quarry  and  not  washed,  while  No.  81  is  the  No.  2  sand  in  the 
quarry.  These  analyses  were  made  in  the  Survey  laboratory 
of  samples  collected  by  the  writer : 

"A"  No.  80  No.  81 

Silica    99.30  99.01  98.71" 

Iron   oxide 0.0314  0.02  0.16 

Alumina    0.5186  0.52  0.71 

Quarry. — The  quarry  is  located  975  feet  west  of  the  mill 
and  was  opened  in  1906.  It  is  approached  by  an  open  cut 
through  the  Marcellus  and  Hamilton  Shales  250  feet  long  and 
about  ten  feet  wide;  then  through  30  feet  of  hard  sandstone 
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which  is  not  used.  The  face  of  the  quarry  is  80  to  100  feet 
high  and  the  good  sand  extends  to  within  ten  or  fifteen  feet  of 
the  top.  There  appears  to  be  no  pebble  rock  in  this  quarry  and 
the  ledges  are  somewhat  harder  than  in  the  other  quarry  with 
few  pockets  of  the  loose  sand.  It  is  worked  toward  the  west. 
The  sand  is  loaded  in  two  and  a  half  ton  truck  cars  which 
pass  down  the  incline  track  to  the  mill,  and  the  empty  cars 
are  hauled  back  to  quarry  by  a  small  locomotive.  The  plant 
is  so  arranged  that  the  material  passes  down  through  it  by 
gravity.     Storage  bins  are  provided  for  500  tons. 

WEST  VIRGINIA  AND  PENNSYLVANIA  SAND 
COMPANY. 

West  Virginia  Plant. — The  offices  of  the  West  Virginia 
and  Pennsylvania  Sand  Company  are  located  at  Baltimore, 
Maryland.  The  West  Virginia  plant  of  this  company  is 
located  one-half  mile  south  of  the  last  plant  described.  It 
contains  three  mills,  each  consisting  of  a  wet  pan,  one  screen, 
five  washing  conveyors,  and  the  stone  is  first  crushed  in  a 
jaw  crusher.  The  Keystone  Plant,  located  a  short  distance 
from  the  first,  contains  one  mill.  The  sand  in  the  West  Vir- 
ginia plant  is  dried  in  a  Cummer  rotary  drier  which  is  28  feet 
long. 

The  composition  of  the  No.  1  and  No.  2  sands  from  this 
plant  is  shown  by  the  following  Survey  analyses : 

No.  1  Sand  No.  2  Sand. 

Silica 98.99  98.85 

Iron    oxide 0.038a  0.0543 

Alumina    0.7717  1.0457 

Quarry. — The  old  quarry  located  a  short  distance  west  of 
the  planl  was  opened  in  (lie  spring  of  1('00.  It  shows  a  face 
of  140  to  160  feet  in  height  with  6  to  12  feet  of  surface  stone 
much  harder  than  the  main  quarry  rock  and  which  was  not 
11  ed.    The  rock  dips  about  40  degrees  east. 

In  1904  a  new  quarry  was  opened  to  the  sonth  of  the  last 
which  shows  a  125-foot  face  and  is  aboul  100  feet  wide  with 
room  for  a  do/en  tracks.    The  floor  of  the  quarry  is  200  feet 


PLATE  XXII (A). — Contact  of  Lower  and  Middle  Stones  River  Limestones  at 
Pittsburgh  Limestone  Company  Quarries  on  Potomac. 


PLATE   XXII(B).— Cobbly   Weathering  of  the  Chambersburg  Limestone  1V2 
Miles  Southeast  of  Bedington. 
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above  the  floor  of  the  mill.  In  parts  of  the  quarry,  red  clay 
seams  occur  along  the  joint-planes  which  are  one  to  five  feet 
apart.  The  stone  is  worked  under  the  ledges  and  then  shot 
down  in  large  masses.  There  are  boulders  of  hard  flinty 
sandstone  through  the  main  rock  which  are  rejected. 

Pittsburgh  Plant. — The  Pittsburgh  plant  of  the  same 
company  is  located  three-fourths  mile  south  of  the  West  Vir- 
ginia plant.  It  is  equipped  with  Blake  crusher  and  has  two 
mills,  one  with  five  and  the  other  with  six  washing  conveyors. 
The  sand  is  dried  in  a  Cummer  drier,  24  feet  long  and  six  feet 
in  diameter.  The  glass-sand  is  stored  in  two  vertical  round 
steel  tanks  resting  on  concrete  foundations,  and  hold  25  car- 
loads or  300  tons.  The  daily  capacity  of  the  three  plants  .is 
400  tons  of  sand. 

Quarry. — The  quarry  which  supplies  the  Pittsburgh  plant 
was  opened  in  the  fall  of  1905  and  shows  a  face  100  feet  high 
and  is  worked  in  a  north  and  south  direction  with  a  length  of 
about  250  feet.  The  rock  dips  50  degrees  east,  and  the  sand 
is  loaded  in  cars  which  pass  down  the  incline  to  the  mill. 

National  Silica  Works. — A  pulverizing  mill  is  located 
close  to  the  town  of  Berkeley  Springs  and  was  formerly 
operated  under  the  name  of  the  National  Mining  and  Milling 
Company,  but  is  now  known  as  the  National  Silica  Works. 
It  was  formerly  equipped  with  five  short  ball  mills  grinding 
the  sand  by  action  of  rolling  steel  balls.  The  sand  is  now 
ground  to  a  flour  varying  in  degree  of  fineness  according  to 
the  demand,  in  a  pebble  mill,  25  feet  long. 

SPEER  WHITE  SAND  COMPANY. 

The  Speer  White  Sand  Company  built  a  modern  mill  in 
1905  one-half  mile  north  of  Berkeley  Springs  and  owns  five 
acres  of  sandstone  on  the  ridge.  The  plant  cost  $40,000  and 
has  a  daily  capacity  of  125  to  140  tons.  The  sand  rock  is 
crushed  in  a  jaw  crusher  and  run  through  a  9-foot  wet  pan. 
There  are  two  vertical  circular  screens  and  five  troughs  in 
the  washer  which  are  ten  to  twelve  feet  long.  The  sand  is 
dried  in  a  steam  coil  heated  drier.  Mr.  Speer  of  this  com- 
pany was  one  of  the  original  manufacturers  of  glass-sand  in 
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this  section  but  sold  his  former  interests  and  was  out  of  the 
field  for  many  years. 

The  following  analyses  show  the  composition  of  the  No. 
1,  No.  2,  and  the  engine  sands  at  this  plant,  as  determined  in 
the  Survey  laboratory : 

No.  1  Sand   No.  2  Sand   Engine  Sand. 

Silica    99.860  99.78  99.60 

Iron  oxide 0.068  0.09  0.12 

Alumina    0.179  trace  0.06 

MILLARD  SAND  COMPANY. 

The  most  recent  sand  plant  was  built  in  1910  by  Mr.  E.  F. 
Millard  a  short  distance  north  of  the  town  of  Berkeley  Springs. 
The  crushing  plant  is  located  on  the  ridge  at  the  quarry  and 
the  crushed  sand  is  washed  through  a  conveyor  pipe  down  the 
side  of  the  ridge  to  the  plant.  At  the  plant  the  sand  is  washed 
in  three  troughs  12  feet  long  with  an  auxiliary  washer  of  two 
troughs.  The  sand  is  then  conveyed  over  to  the  drying  room 
and  is  dried  by  steam  coils  and  elevated  to  storage  bins. 

The  composition  of  the  No.  1  sand  is  as  follows : 

Per  cent. 

Silica    99 .  66 

Iron  oxide U .  08 

Alumina    0 .  10 

BERKELEY  SPRINGS  SAND  COMPANY. 

The  plant  of  the  Berkeley  Springs  Sand  Company  was 
built  within  the  town  in  1891.  The  equipment  includes  an 
8-foot  wet  pan,  four  washing  conveyors  and  the  sand  is  re- 
moved by  a  big  reel  with  perforated  buckets  attached  to  the 
arms.  It  is  dried  in  two  driers  20  feet  long.  The  capacity  of 
the  plant  is  85  tons  of  No.  1  sand  daily.  The  quarry  is  located 
across  the  county  road  nearly  half-way  up  the  ridge  and  shows 
a  face  of  rock  120  feet  high.  It  is  worked  in  an  open  cut  about 
200  feet  long  and  50  feet  wide  and  is  reached  by  a  short  entry 
passing  through  a  hard  yellowish  outcrop  of  the  sandstone. 
The  following  Survey  analyses  show  the  composition  ol  this 
sand  : 
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No.  1  Sand.  No.  2  Sand. 

Silica    99.580     99.120  99.580 

Iron    oxide 0.068       0.154  0.018 

Alumina     0.199       0.211  0.153 

These  analyses  show  the  samples  as  taken  were  all  good 
sands  and  the  No.  2  was  in  reality  a  No.  1.  There  is  not  much 
difference  in  the  grades  of  sand  from  the  washer  except  when 
the  surface  ledges  are  included.  The  No.  2  sand  is  usually  a 
little  stained  with  iron. 

GREAT  CACAPON  SILICA  SAND  COMPANY. 

The  Great  Cacapon  Silica  Sand  Company  of  Pittsburgh 
opened  a  quarry  in  the  White  Medina  Sandstone  in  1904  on 
the  west  slope  of  Cacapon  Mountain,  one  mile  and  a  half  east 
of  Great  Cacapon  Station,  which  was  operated  for  only  a 
short  time  and  has  since  been  idle.  The  product  was  not  very 
satisfactory.  Much  money  was  expended  on  the  plant  and 
quarry  and  on  prospecting  further  south  on  the  mountain. 
The  plant  is  of  frame  and  consists  of  a  series  of  connected 
buildings  extending  up  the  mountain  slope.  The  material 
coming  down  the  slope  from  the  quarry  would  pass  from  one 
level  to  the  next  lower  in  the  process  of  manufacture  thus 
utilizing  gravity  and  avoiding  elevators.  The  crusher  was  on 
the  upper  floor,  then  came  the  screens  and  washing  plant,  with 
storage  bins  below  and  still  above  the  car  floor  level.  The 
plant  was  designed  for  labor  and  power  saving  so  that  the 
product  could  be  prepared  at  a  low  cost. 

The  plant  is  located  at  the  side  of  the  main  line  of  the 
Baltimore  and  Ohio  Railroad  which  is  400  feet  below  the 
level  of  the  county  road  on  the  mountain  where  the  main  in- 
cline track  started.  From  the  county  road  an  open  cut  was 
driven  south  into  the  hard  sandstone,  150  feet  long,  to  the 
second  incline  which  extends  to  a  level  75  feet  higher.  Here 
a  second  open  cut  55  feet  long  and  six  feet  wide  extends  back 
to  the  open  quarry.  The  quarry  floor  is  thus  475  feet  above 
the  railroad.  The  quarry  is  about  100  feet  wide,  worked  back 
75  feet,  and  40  to  50  feet  high.  At  the  south  end  of  the  quarry 
a  tunnel  is  driven  five  feet  high  and  15  feet  wide  in  a  softer 
ledge  of  sandstone  which  was  apparently  used  at  the  plant. 


340      THE  GLASS-SAND  AND  COAL  RESOURCES  OF  THE  EASTERN 
PANHANDLE   COUNTIES. 

The  quarry  shows  a  series  of  ledges  dipping  8  to  15  de- 
grees west,  which  are  quite  hard,  compact,  and  almost  quartz- 
ite,  being  much  iron-stained.  Ledges  of  softer  sandstone 
quite  white  also  occur  and  these  were  regarded  as  valuable 
sand  deposits  and  it  was  hoped  they  would  increase  in  thick- 
ness as  the  quarry  was  opened  but  this  was  not  the  case.  The 
tunnel  was  apparently  driven  in  one  of  these  softer  ledges 
raid  a  sample  was  taken  here  for  analysis  (76). 

The  sandstone  when  opened  was  supposed  by  the  owners 
to  be  the  same  as  at  Berkeley  Springs,  but  instead  of  being 
the  Oriskany,  the  outcrop  on  this  mountain  is  the  White 
Medina  probably  1,600  to  2,000  feet  lower  in  the  geologic 
column  of  strata.  This  hard  sandstone  when  crushed  breaks 
down  into  a  rock  flour  which  lacks  the  angular  grains  required 
in  a  good  glass-sand.  The  floury  character  of  so  much  of  this 
crushed  material  tends  to  give  a  ropy  character  in  the  glass 
and  prevents  a  uniform  mixture. 

The  main  mass  of  this  sandstone  as  exposed  in  this  quarry 
is  not  suitable  for  glass-sand.  It  is  possible  that  the  softer 
ledges  might  be  used,  but  the  expense  of  their  separation 
would  be  too  great  for  any  economical  work.  The  material 
probably  would  be  useful  for  other  than  glass  purposes  when 
finely  ground  to  a  flour  in  tube  mills  as  is  done  at  Berkeley 
Springs.  The  question  then  would  be  whether  there  was  a 
sufficient  market  to  justify  this  form  of  manufacture.  It  is 
indeed  unfortunate  that  with  this  fine  plant  and  the  great  ad- 
vantage of  gravity  system  and  nearness  to  the  river  for  water- 
supply  that  the  material  is  not  of  different  grain  and  texture. 
The  chemical  composition  shows  it  to  be  quite  pure  sand  and 
the  entire  trouble  appears  to  be  in  the  texture. 

Prospect  openings  have  been  made  over  the  mountain  to 
the  south  with  hopes  that  a  better  sand  rock  would  be  found.' 
Pockets  of  the  softer  sand  were  found  but  they  probably  with 
d<  pth  pass  into  the  harder  strata.  There  is  no  indication  that 
the  Medina  Sandstone  on  ("acapon  Mountain  will  furnish  any 
profitable  deposits  of  good  glass  sand,  and  hence  there  is  not 

much  encouragement  for  the  work  along  this  particular  line. 

'1  he  chemical  composition  is  shown  by  the  following  analyses. 
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The  first  one  was  of  selected  sand  from  the  quarry  after 
washing.  No.  76  is  the  white  softer  sandstone  at  the  roof  of 
the  tunnel  in  the  south  end  of  the  open  quarry : 

No.  101 
Washed     No.  76  No.  61  Gerrards- 

Sand.  North  Mtn.    town  Gap. 

Silica    99 .  86       99.15  98 .  03  98.76 

Iron  oxide 0.66         0.07  I  1.69  0.18 

Alumina    0.23         0.56  j  0.54 

Lime  carbonate 0.05  0.32  0.10 

Magnesium  carbonate...  0.03  0.15  0.11 

100.19  99.69 

It  is  interesting  to  note  that  the  White  Medina  Sandstone 
forming  the  crest  of  North  Mountain  several  miles  to  the  east 
is  like  this  outcrop  a  very  pure  sandstone  (No.  61),  but  the 
outcrop  there  is  quite  narrow  and  the  rock  is  also  a  very  hard 
quartzose  sandstone,  which  when  crushed  would  have  similar 
faults.  No.  101  shows  the  composition  of  the  Medina  near 
the  crest  of  the  mountain  back  of  Gerrardstown  at  the  Gap. 

This  property  was  leased  early  in  1916  by  the  Harbison- 
Walker  Refractories  Company  of  Pittsburgh,  and  the  crude 
sandstone  rock  is  loaded  and  shipped  to  their  plant  at  Layton 
near  Pittsburgh,  where  it  is  crushed  and  mixed  with  8  per 
cent,  of  lime  and  made  into  silica  brick.  Their  tests  show  this 
hard  Medina  Sandstone  to  be  especially  adapted  to  this 
product. 

ORISKANY  SANDSTONE  SOUTH  OF  BERKELEY 
SPRINGS. 

There  has  been  no  development  of  the  Oriskany  Sand- 
stone to  the  south  of  Berkeley  Springs  as  that  is  the  terminus 
of  the  railroad,  but  the  sandstone  extends  for  many  miles  to 
the  southwest  along  this  ridge  to  and  beyond  the  Virginia 
State  Line. 

The  top  of  the  ridge  and  the  upper  eastern  slopes  arc 
composed  of  this  sandstone  with  an  eastern  dip  less  steep  to 
the  south.  As  far  south  at  least  as  Rock  Gap  eight  miles 
south  of  Berkeley  Springs,  the  sandstone  is  a  crumbly  rock 
much  iron-stained  in  places  and  mixed  in  the  exposed  surface 
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portions  with  clay  and  soil.  Most  of  these  impurities  could 
be  washed  out  and  below  the  surface  the  rock  is  probably  as 
white  and  pure  as  to  the  north  of  the  town.  Water  could  be 
obtained  from  Sleepy  Creek,  or  by  impounding  such  runs  as 
Rock  Gap,  Sir  Johns  Run,  etc.  The  extension  of  the  railroad 
up  the  valley  would  doubtless  open  a  number  of  new  deposits, 
so  that  the  reserve  supply  of  No.  1  glass-sand  is  very  great 
in  Morgan  County. 

Where  Rock  Gap  Run  cuts  across  the  ridge  the  sandstone 
is  well  exposed  as  a  crumbly  white  rock.  Even  the  apparently 
solid  ledges  crumble  when  struck  with  the  hammer  and  it  is 
almost  impossible  to  secure  a  solid  block  of  the  sandstone. 
The  analysis  of  the  average  outcrop  here  unwashed  is  shown 
by  sample  No.  69. 

The  rock  is  exposed  on  the  road  which  crosses  the  ridge 
two  miles  north  of  Rock  Gap.  The  road  here  is  deep  in  loose 
sand  and  in  exposures  unmixed  with  surface  debris  is  a  white 
friable  sharp  sand,  and  the  ledges  readily  crumble. 

At  the  road  crossing  the  ridge  two  miles  further  north 
or  four  miles  southwest  of  Berkeley  Springs,  the  sandstone 
presents  a  similar  appearance  (No.  71),  and  good  sand  could 
be  obtained  at  this  place.  This  road,  while  open,  is  practically 
abandoned  on  account  of  the  depth  of  loose  sand  and  the  sharp 
hill  inclines  over  the  loose  rock  strata. 

About  one  and  a  half  miles  south  of  town,  the  sandstone 
is  quite  white  with  a  number  of  fairly  solid  ledges  but  which 
are  easily  broken.  The  sand  also  occurs  loose  and  has  a  sim- 
ilar appearance  to  the  other  outcrops  further  south.  Its  com- 
position is  shown  by  analysis  No.  73. 

At  the  top  of  the  ridge  south  of  the  road  and  just  west 
of  town,  a  small  quarry  has  been  opened  for  many  years  from 
which  sand  is  hauled  to  town  for  building  purposes.  The 
whole  quarry  is  a  mass  of  loose  sand  and  crumbly  sandstone 
ledges  much  stained  at  the  surface  by  iron  and  clay.  The 
sand  if  washed  would  be  quite  white  and  pure  (No.  75).  No. 
170  is  the  sandstone  back  of  Ridge  Store,  14  miles  south  of 
Berkeley  Springs. 
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No.  69  No.  71  No.  73  No.  75  No.  170 

Silica    99.00  99.20  99.23  98.43  99.32 

Iron  oxide 0.07  0.15  0.13  0.09  0.12 

Alumina    0.55  0.31  0.31  1.05  1.01 

Lime  carbonate 0.04  0.04  0.05  0.04  0.25 

Magnesium  carbonate ..  .     0.05  0.04  0.05  0.05  0.04 

These  different  analyses  made  of  the  crude  material  show 
that  by  proper  preparation  the  sand  could  be  used  for  glass- 
sand.  The  belt  extends  south  of  Rock  Gap  and  would  prob- 
ably show  similar  characters  for  quite  a  distance  at  least,  but 
the  tests  were  not  carried  further  south  as  the  additional 
length  of  outcrop  of  eight  miles  tested  for  the  entire  distance 
or  double  the  length  now  developed  to  the  north  of  the  town, 
is  sufficient  for  any  demand  in  any  reasonable  future  time, 
and  it  is  safe  to  say  that  the  Berkeley  Springs  glass-sand  de- 
posits are  practically  inexhaustible.  This  southern  area  will 
become  available  whenever  railroad  connections  are  furnished, 
and  it  illustrates  the  wonderful  resources  of  this  district  in 
this  line  of  raw  material. 

OTHER  OUTCROPS  OF  ORISKANY  SANDSTONE. 

The  Oriskany  Sandstone  also  outcrops  along  Tonoloway 
Ridge  to  the  west  of  Cacapon  Mountain  and  Cacapon  River 
Where  this  ridge  is  cut  through  in  the  new  road  at  Ziler 
Ford,  the  sandstone  is  very  white  and  full  of  casts  of  shells 
and  resembles  the  Warm  Spring  outcrops,  though  in  these 
fresh  exposures  the  rock  is  harder. 

This  sandstone  is  worked  just  north  of  the  river  in  Mary- 
land where  it  is  more  or  less  impure  and  used  for  building 
sand.  Further  north  on  the  ridge,  it  is  said  to  be  very  white 
and  pure  and  to  resemble  very  closely  the  Berkeley  Springs 
sand,  and  plans  have  been  made  to  develop  it. 

Mr.  N.  Q.  Speer  has  recently  prospected  this  sand  on 
Tonoloway  Ridge,  and  a  sample  of  it  analyzed  in  the  Survey 
laboratory  yielded  the  following  results  : 
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Per  cent. 

Silica    (SiCy 99.86 

Iron  oxide   f  Fe203) D .  016 

Equals  metallic  iron 0 .  012 

Calcium  carbonate    (CaC03) 0.04 

Magnesium    carbonate    (MgCOs) trace 

Loss    on    ignition 0.05 

100.00 

"This  is  a  high-grade  sand,  well  suited  for  the  manufacture  of 
flint  and  crystal  glass." 

A  narrow  outcrop  of  Oriskany  follows  the  western  upper 
slope  of  North  Mountain  nearly  to  the  Potomac  River,  but  it 
is  quite  narrow  and  apparently  rather  impure  and  irregular  in 
texture.  It  also  forms  outcrops  on  both  sides  of  Ferrel  Ridge. 
West  of  Butts  Store  and  near  the  top  of  the  ridge,  it  is  quite 
pure  in  unwashed  samples  according  to  the  analysis  (No.  50). 
ft  contains  97  per  cent,  silica  and  part  of  the  2.1  per  cent,  of 
iron  and  alumina  would  wash  out. 

As  traced  south  on  this  ridge,  it  contains  more  lime,  but 
about  the  same  amount  of  iron  and  alumina  as  shown  in  the 
sample  (No.  58)  taken  two  miles  west  of  Tomahawk.  The 
sandstone  has  a  similar  appearance  at  a  number  of  places  near 
Tomahawk  but  it  is  higher  in  lime,  and  at  the  spring  near  the 
store  it  is  a  limestone  and  would  be  taken  for  the  Helderberg 
except  it  contains  Oriskany  fossils  (No.  54).  This  calcareous 
phase  of  the  sandstone  is  also  shown  in  the  outcrop  three- 
fourths  mile  west  of  Cherry  Run  (No.  65)  which  is  either  to 
be  classed  as  a  siliceous  limestone  or  a  calcareous  sandstone 
with  Oriskany  fossils. 

If  any  demand  ever  should  arise  for  the  use  of  glass-sands 
in  this  portion  of  Berkeley  County,  the  sandstone  on  the  upper 
portion  of  Ferrel  Ridge  would  be  available,  but  there  is  now 
no  railroad  in  this  valley  and  the  outcrops  are  narrow. 

No.  50  No.  58  No.  54  No.  65 

Silica   97.29  96.34  6.65  36. 8U 

[ron  and  alumina 2.10  2.25  L.08  1.58 

Lime    carbonate 0.45  1.07  92.09  61.38 

Magnesium     carbonah" 0.20  0.31  0.64  0.48 

L00. 04  99.97  100.46  100.24 
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STATISTICS  OF  SAND  INDUSTRY  IN  WEST 
VIRGINIA. 

The  following  table  shows  the  production  of  sands  in 
West  Virginia  for  a  period  of  years  from  1903  and  is  taken 
from  the  Reports  of  the  U.  S.  Geological  Survey.  The  larger 
portion  of  these  sands  comes  from  the  Berkeley  Springs  area, 
though  there  are  several  other  sections  producing  a  very  con- 
siderable tonnage  of  sand,  as  near  Morgantown,  Craddock, 
Holmes,  etc.  The  State  has  held  third  rank  among  the  States 
of  the  Union  in  the  production  of  glass-sand  for  many  years, 
being  surpassed  by  Pennsylvania  and  Illinois.  In  1911  it 
ranked  ahead  of  Illinois,  taking  second  place  that  year.  In 
1913  it  reached  first  in  total  production  though  slightly  behind 
Pennsylvania  in  value : 


Year. 


Glass-Sand.        ||        Engine  Sand.  Building  Sand 

I  Short  Tons    Value  IIShortTonsI  Value  I  ShortTonsI  Value 


1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 


65,524 
74,469 
155,052 
158,093 
171,338 
145,782 
169,731 
235,784 
268,368 
244,881 
534,600 
233.024 
264,076 


1107,601 
102,684 
225,734 
227,225 
225,003 
174,834 
205,102 
282,267 
313,758 
287,038 
668,214 
269,602:, 
280,7021! 


8,831 
7,310 
33,503 
31,844 
78,985 
30,520 
27,896 
47,777 
29,949 
60,442 
133,390 
96,675 
77,794 


7,125|| 
7,310|j 
28,536| 
21,267|| 
47,400|| 
18,012[j 
22,700|j 
29,280)! 
20,606|j 
34,182|| 
94,017|| 
46,578|| 
36,25911 


4,879 
89,916 
77,488 
123,259 
151,622 
121.321 
135,537 
231,535 
205,194 
171,269 
195,115 
251,278 
185,113 


>  4,269 
39,556 
42,232 
62,346 
70,450 
58,153 
84,769 
87,109 
93,037 
81,019 
99,950 

108,112 
83,821 
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•  AREA. 


In  the  Meadow  Branch  Mountain  area  and  on  Sideling 
Hill,  the  anticlinal  folds  have  brought  to  the  surface  Lower 
Carboniferous  or  Mississippian  rocks  consisting  of  hard  sand- 
stones and  shales.  In  these  rock  areas  there  are  also  exposed 
black  carbonaceous  shales  with  small  coal  seams  which  have 
been  tested  and  exploited  for  over  75  years  with  no  valuable 
economic  returns. 
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Sideling  Hill. 

The  coal  seams  in  the  Rockwell  Formation  on  Sideling 
Hill  are  quite  thin  and  the  coal  is  high  in  ash  and  very 
crumbly  on  exposure.  Small  mines  were  opened  years  ago  to 
supply  a  small  local  trade  and  even  these  did  not  yield  much 
coal.  The  openings  have  long  been  abandoned  and  have  caved 
in  so  that  at  the  present  time  it  is  impossible  to  see  the  coal 
in  place.  The  old  dumps  show  a  mass  of  disintegrated  coaly 
black  slate  and  flakes  and  splinters  of  slaty  coal  with  a  piece 
here  and  there  of  lump  slaty  coal,  but  no  good  coal  was  ob- 
served. In  this  area  of  West  Virginia,  the  only  mines  were 
located  on  Rockwell  Run  southeast  of  Orleans  Crossroads. 
Here  a  number  of  pits  were  sunk  and  one  long  tunnel  was 
driven  a  few  hundred  yards  along  the  outcrop  starting  in  about 
the  level  of  the  run.  Recently  a  shaft  was  sunk  to  intersect 
this  tunnel  vein  but  at  a  depth  of  25  feet  it  was  abandoned 
t  efore  reaching  any  coal  or  even  black  slate. 

The  old  dumps  show  a  large  amount  of  black  slate  and 
carry  fossil  ferns  which  have  been  correlated  with  the  Pocono, 
so  that  the  Rockwell  Run  Coal  is  Pocono  in  age.  There  is  an 
impression  in  this  part  of  the  country  that  valuable  seams  of 
coal  can  be  found,  but  there  is  no  evidence  upon  which  to  base 
such  an  opinion.  Any  coals  found  here  will  be  of  little  thick- 
ness and  very  friable  and  slaty, 

Stose  (Pawpaw-Hancock  Folio,  p.  167)  was  able  to 
measure  this  coal  on  Sideling  Hill  north  of  the  Potomac 
River  in  Maryland  in  some  of  the  old  mines  that  were  still 
open,  and  he  secured  the  following  section : 

Section  of  Coal  and  Shales,  Sideling  Hill  (Stose). 

Feet. 

Hackly  darh  shale 8  Ms 

Thin  coal  and  shale 1% 

Hackly  darh  shale  and  thin  concretionary  sandstone  beds  50 

Darh  "shoe  peg"  shale 15 

Hard   well-bedded  shale 10 

Thin-bedded  ripple-marked  sandstone  and  shales 5 

Hard   hackly  darh   shale 6 

Granula  r  sandstone 5 

Hard  dark-gray  crumbly  shale 5 

Ma.     ive    enarse    sandstone 
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Stose  describes  the  coal  as  "composed  of  very  thin  sheets 
of  slickened  coal  mixed  with  black  carbonaceous  shale".  The 
thickness  of  the  thin  coal  and  the  shale  was  only  one  and  a 
half  feet.  The  reported  thickness  of  this  seam  in  this  area  of 
three  to  four  feet  is  due  to  the  probable  inclusion  of  the  dark 
shales  with  the  coal.  There  is  no  indication  from  the  Mary- 
land measurement  or  from  the  study  of  the  old  dumps  to 
justify  the  exploitation  of  this  coal  seam,  and  it  would  not  be 
profitable  to  open  even  for  a  local  trade.  All  evidence  tends 
to  show  there  is  no  coal  of  economic  value  in  the  Rockwood 
Formation  in  these  counties,  and  no  coal  of  value  in  the  Side- 
ling Hill  area. 

Meadow  Branch  Field. 

The  coals  of  the  Meadow  Branch  field  in  Morgan  and 
Berkeley  Counties  have  been  known  for  a  very  long  time  and 
much  money  has  been  expended  in  prospect  work  upon  them. 
The  results  have  been  more  encouraging  than  in  the  Sideling 
Hill  area,  as  the  coals  are  in  thicker  veins  and  of  very  good 
quality  except  for  the  close  slate  admixture.  The  coal  has 
been  at  various  times  called  an  anthracite,  semi-anthracite,  and 
even  semi-bituminous. 

As  described  in  a  preceding  chapter  on  the  Pocono  Forma- 
tion, the  rocks  outcropping  in  the  Meadow  Branch  Field  in- 
clude the  hard  white  Purslane  Sandstone  which  forms  the  crest 
and  inner  eastern  slope  of  Sleepy  Creek  Mountain  and  the 
crest  of  Third  Hill  Mountain.  The  Rockwell  Formation  be- 
low the  Purslane  is  exposed  on  the  outer  slopes  of  both  moun- 
tains, but  no  coal  seams  have  been  found  in  that  formation  in 
this  area. 

The  two  mountains  are  the  outer  limbs  of  a  rather  broad 
but  sharp  syncline  and  Meadow  Branch  lies  in  this  synclinat 
basin  near  the  axis  of  the  fold.  The  Purslane  thus  dips  down 
under  the  Meadow  Branch  Valley,  coming  up  again  in  ar, 
overturn  on  the  upper  east  slope  of  Third  Hill.  In  the  Valle)* 
there  is  exposed  the  coal-bearing  Hedges  Shale  covered  to  the 
eastern  side  of  the  valley  by  the  overlying  Myers  Red  Shales. 
These  coal  shales  following  the  eastern  rising  limb  of  the  syn- 
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cline  again  appear  near  the  top  of  Third  Hill  Mountain  where 
they  stand  almost  vertical  in  places. 

The  Hedges  Shale  is  about  180  feet  thick  and  consists 
of  sandy  buff  shales  and  thin  shaly  sandstones  with  some 
black  shale  and  coal.  There  are  apparently  three  coal  seams, 
one  near  the  bottom,  one  above  the  middle,  and  one  near 
the  top  of  the  formation.  Most  of  the  prospects  and 
shafts  appear  to  have  reached  the  lower  coal  near  the  base  of 
the  formation  and  this  has  been  regarded  as  the  most  prom- 
ising seam.  The  coal  has  been  prospected  in  the  valley  and 
at  the  top  of  the  mountain,  but  most  of  the  work  has  been  on 
the  mountain  where  the  coal  was  supposed  to  be  much  thicker 
(which  is  doubtful)  since  further  in  this  part  of  the  outcrop 
the  coal  is  much  more  crushed  and  thereby  intermixed  with 
slate. 

The  Meadow  Branch  Syncline  rises  both  to  the  north  and 
to  the  south  and  the  area  of  coals  is  not  very  long.  The 
Hedges  Coal  Shale  following  the  synclinal  fold  has  an  east  dip 
of  30  to  40  degrees  on  the  east  basal  slope  of  Sleepy  Creek 
Mountain  and  is  almost  horizontal  in  the  basin  of  the  creek 
valley  and  on  the  overturn  at  the  top  of  Third  Hill  dips  east 
70  degrees.  The  field  has  been  prospected  at  various  times 
for  the  past  75  or  80  years,  and  reports  on  the  coal  have  been 
made  by  expert  engineers  and  geologists  from  time  to  time, 
which  practically  all  agreed  in  the  conclusion  that  the  eco- 
nomic and  successful  mining  of  this  coal  was  an  exceedingly 
doubtful  proposition. 

Prof.  W.  B.  Rogers1,  one  of  the  great  geologists  of  this 
country,  as  early  as  1835  stated  that  openings  have  been  made 
on  this  coal  near  Sleepy  Creek,  and  anthracite  of  very  purest 
character  obtained,  lie  gave  the  results  of  an  analysis  made 
on  this  coal  by  Prof.  H.  D.  Rogers  which  showed  4.94  per  cent, 
ash,  the  remainder  being  volatile  and  combustible  matter. 

Later  in  1838  (p.  225)  Professor  Rogers  made  a  more  de 
Lailed    survey    of    this    coal    field,    determining    the    mountain 
structure    and    correctly    placed     the    coal     formation    in    the 
I  'oi  ono  division  of  the  ( larboniferous.     I  lis  details  of  structure 


j    of  I  1m  ■   Virginias,   i  <  |>ii  n  I .    ISSt.   p.   !)!». 


Figure  17.     Sketch  of  Map  of  the  Meadow  Branch  Coal  Field. 
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worked  out  in  this  early  day  in  a  brief  survey  of  a  few  days 
under  exceptional  difficulties,  are  remarkable  for  their  accu- 
racy. Prof.  Rogers  thus  describes  at  that  day  the  coal  shales 
and  coals  of  the  Meadow  Branch  area  (p.  227)  : 

"The  coal  measures  are  well  exposed  near  the  northern  extremity 
of  the  basin  along  the  banks  of  Meadow  Branch,  which  for  about  three- 
quarters  of  a  mile  flows  in  the  synclinal  axis,  and  eventually  makes 
its  escape  through  the  wide  opening  at  the  northern  extremity  of  the 
basin,  occasioned  by  the  removal  of  the  heavy  sandstone  and  conglom- 
erate by  which  originally  the  trough  was  there  closed  up.  ...  A 
little  higher  up  the  stream  we  meet  with  the  black  carbonaceous 
shales  and  black  siliceous  sandstone  containing  the  coal.  Numerous 
thin  layers  of  coal  are  interstratified  with  the  shales,  and  the  seam 
which  has  been  opened  at  this  point  is  in  places  subdivided  by  an 
interpolated  band  of  the  black  siliceous  sandstone.  As  indicated  al- 
ready, the  other  outcrops  of  coal,  both  to  the  east  and  west  of  this, 
are  to  be  regarded  as  belonging  to  the  same  seam  as  that  here  exposed, 
and  there  can  be  no  doubt  that  it  is  this  which  is  again  exposed  at  the 
upper  or  southern  opening  before  alluded  to.  This  seam  presents  at  all 
the  exposures  a  very  variable  thickness,  but  may  be  estimated  as 
possessing  an  average  width  of  about  two  feet  of  pure  coal.  This,  as 
might  be  inferred  from  the  indications  of  violence  so  plainly  exhibited 
in  the  structure  of  the  surrounding  region,  especially  that  of  the  Third 
Hill,  has  been  reduced  to  a  fragmentary  state,  displaying  on  the  sur- 
faces of  spontaneous  fracture  marks  of  the  pressure  and  attrition  to 
which  it  would  seem  to  have  been  subjected.  The  roof  and  floor  of 
the  seam  present  similar  polished  surfaces,  and  in  some  places  have 
been  pressed  almost  into  contact.  In  such  a  crushed  condition,  the 
coal,  though  really  as  pure  as  anthracite  in  general,  could  scarcely 
prove  of  much  value  in  the  market,  being  unfit  for  the  grate  and  most 
other  purposes  to  which  this  class  of  coals  is  commonly  applied.  Un- 
fortunately, too,  there  is  no  ground  for  anticipating  any  improvement, 
as  the  workings  extend  deeper  into  the  seam.  Were  the  broken  state 
of  the  material  merely  the  effect  of  weathering  at  the  surface,  such  a 
hope  might  be  entertained,  but  feeling  assured  that  it  is  the  result  of 
mechanical  violence  accompanying  the  disturbance  of  the  strata  at 
the  time  when  they  were  thrown  into  their  present  positions,  I  en- 
tertain no  doubt  that  this  splintery  character  will  be  found  pervading 
the  seam  more  or  less  in  every  part." 

Rogers,  thus  in  this  early  day  with  but  few  openings, 
reached  the  conclusion  that  on  account  of  folding  of  the  strata, 
the  coal  and  slate  are  so  crushed  that  though  the  coal  in  itself 
is  a  high-grade  anthracite  it  would  have  a  splintery  character 
and  be  of  little  use  or  value,  a  conclusion  reached  by  many 
observers  in  later  years  when  there  were  more  and  deeper 
openings  for  study. 

In  1876,  A.  R.  Guerard,  a  London  mining  engineer,  re- 
ported on  this  coal  as  follows  (Resources  of  West  Virginia 
by  Maury,  1876,  p.  213)  : 
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"Between  Sleepy  Creek  and  Third  Hill  Mountains  at  an  opening 
on  the  Meadow  Branch  by  Erubry  and  Cushwa,  a  shaft  45  feet  deep 
passed  through  three  seams  of  coal  from  one  to  three  feet  thick,  and 
a  tunnel  from  the  hillside  strikes  a  four-foot  seam  below.  The  coal 
appears  to  be  of  fair  average  quality,  but  somewhat  broken  up  and 
intermixed  with  slate.  There  was  nothing  in  this  opening  to  lead  me 
to  the  conclusion  that  the  problem  which  has  been  on  hand  for  the 
last  forty  or  fifty  years,  as  to  the  coal  being  here  in  paying  quantities, 
was  at  last  satisfactorily  solved." 

At  this  date  then  in  1876,  the  value  of  the  coal  was  re- 
garded as  very  doubtful.  In  the  next  year,  1877,  Persifor 
Frazer  in  the  Proceedings  of  the  Academy  of  Natural  Sciences 
(Vol.  29,  p.  16)  gives  some  notes  on  a  visit  made  by  him  to 
this  coal  field  and  he  states  the  coal  resembles  that  of  some 
Schuylkill  anthracite,  but  that  the  exposures  are  few  and  shal- 
low and  much  washed  in,  so  that  observations  were  poor.  He 
gives  the  following  analysis  of  the  coal  but  does  not  give  the 
exact  opening  the  sample  was  taken  from.  An  analysis  of  the 
coal  is  also  given  in  Bulletin  42  (p.  146)  of  the  U.  S.  Geological 
Survey  from  this  field  but  no  notes  are  given  further  than  the 
mere  analysis : 

Frazer.     U.  S.  G.  S. 

Free  carbon SB. 78  81.20 

Volatile  hydrocarbons 7.66  10.90 

Moisture 0-21  2.30 

Ash,  light-gray  color 5.35  5 .  60 

Iron  under  1  per  cent. 

Sulphur not  det.        0.785 

More  recent  analyses  of  this  coal  will  be  given  later  in 
this  section. 

In  1902,  Mr.  William  Griffith,  a  well-known  coal  geologist 
of  Pennsylvania,  published  a  description  of  the  Meadow 
Branch  Coal  Field  (Mines  and  Minerals,  Feb.  1903,  pp.  293-4) 
which  is  republished  in  full  in  the  Coal  Reports  of  the  West 
Virginia  Geological  Survey,  Volume  II  (p.  704-8)  and  Volume 
II  A  (pp.  3-8).  Mr.  Griffith  describes  the  location  of  the  area, 
topography,  and  general  geology.  lie  describes  the  coal 
prospects  especially  on  Third  Mill  Mountain  over  a  distance 
of  12  to  15  miles.  From  his  studies  along  this  mountain  and 
In    experience  in  other  coal  fields,  he  concludes: 
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"While  these  provings  have  been  very  alluring  to  prospectors,  and 
considerable  time  and  money  have  been  spent,  both  in  shafting  and 
boring  with  diamond  drills,  as  yet  no  coal  beds  have  been  found  of 
sufficient  value  to  warrant  the  expense  necessary  for  their  develop- 
ment. The  true  Carboniferous  Formation,  which  includes  the  pro- 
ductive coal  measures  of  Pennsylvania  and  West  Virginia,  is  much 
higher  in  the  geological  series  of  rocks  than  the  Pocono  in  which  the 
coal  in  question  is  found.  And  in  Pennsylvania  no  anthracite  coal  of 
workable  thickness  has  ever  been  found  in  the  Pocono  rocks. 

"As  a  result  of  the  above  facts,  and  the  known  geological  position 
of  the  beds  of  Third  Hill,  in  connection  with  their  steep  dips  (usually 
inverted)  and  the  evident  distortion  and  folding  of  the  measures,  we 
must  expect  to  find  the  coal  beds  more  or  less  crushed  throughout 
the  region,  and  in  much  the  same  state  as  the  crushed  and  faulty 
coal  of  the  Pennsylvania  anthracite  beds.  In  addition  to  this,  the 
beds  would  probably  be  found  more  irregular  and  erratic  as  to  thick- 
ness and  continuity,  existing  more  or  less  as  pockets,  and  very  un- 
certain as  a  basis  upon  which  to  make  a  large  investment  of  capital 
necessary  to  development  for  railroad  shipment." 

At  the  time  of  Mr.  Griffith's  visit  to  this  section,  some  of 
the  openings  were  accessible  and  his  descriptions  of  these  ex- 
posures since  fallen  shut  or  filled  with  water  are  of  especial 
interest.  At  the  south  end  of  the  area  near  the  road  across 
the  mountain  to  the  Myers  place  there  is  a  small  infolded  area 
of  the  coal-bearing  shale  in  which  several  prospects  were 
opened,  and  Mr.  Griffith  describes  this  exposure  at  that  time 
as  follows : 

"At  this  point  a  distinct  basin  is  found  in  the  hard  Pocono  rocks 
near  the  crest  of  the  mountain.  The  basin  is  about  500  feet  wide  and 
shallow.  The  proving  shaft  was  about  eight  feet  square,  50  or  60  feet 
deep,  and  sunk  in  the  coal  outcrop  on  the  east  margin  of  the  basin. 
The  writer  was  lowered  into  the  shaft  by  means  of  a  bucket  and  rope 
attached  to  the  hoisting  engine,  and  found  the  coal  bed  —  which  was 
supposed  to  be  about  10  feet  thick  — ■  much  crushed  and  faulty,  as  has 
before  been  mentioned,  and  practically  worthless.  Near  the  bottom 
of  the  shaft,  the  bed  seemed  to  be  parted  by  layers  of  Are  clay  and 
slate,  and  in  worse  condition  than  at  the  top.  This  shaft  was 
shortly  afterwards  abandoned. 

"On  the  western  outcrop  of  this  narrow  basin,  the  rocks  were 
regular  dipping  to  the  east  about  40  degrees.  A  short  tunnel  had 
been  driven  westward  into  the  hill,  cutting  a  bed  of  coal  about  2% 
feet  thick.  The  writer  examined  this  seam,  after  having  the  tunnel 
cleaned  out,  and  found  that  though  the  dip  was  regular  and  the  bed 
right  side  up,  the  coal  was  in  much  the  same  condition  as  in  the 
shaft;  and  that  while  a  small  quantity  had  evidently  been  mined  out 
and  used  locally  by  farmers  in  the  valley,  the  bed  was  virtually  value- 
less for  general  development." 

The  coal  is  thus  seen  on  the  overturn  to  be  locally  greatly 
thickened  In  the  crushing  movement,  but  still  worthless,  while 
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in  the  less  disturbed  area  on  the  west  its  thickness  is  very 
small  and  also  badly  crushed  and  broken.  There  is  not  much 
encouragement  in  these  observations  on  the  actual  coal  seam 
in  the  shaft  and  tunnel  for  exploitation.  Mr.  Griffith  further 
points  out  how  money  has  been  expended  in  prospecting  for 
this  coal  with  no  attention  paid  to  its  structure  so  that  tunnels 
and  borings  were  made  outside  of  the  basin  to  encounter  a 
supposed  vertical  seam  as  shown  at  the  surface  at  the  over- 
turn.   He  states  that, 

"Previous  to  sinking  the  shaft  above  mentioned,  much  money  had 
been  spent  in  driving  a  tunnel  horizontally  into  the  east  flank  of  the 
mountain,  about  half-way  down,  all  the  way  through  the  red  rocks  of 
No.  IX,  in  hopes  of  cutting  the  vertical  coal  bed  200  or  300  feet  below 
the  surface.  The  tunnel  (about  7  by  8  feet)  was  driven  several 
hundred  feet  into  the  mountain,  and  at  its  end  diamond  drill  holes  were 
bored  horizontally  100  feet  or  more,  until  the  water  pressure  forced 
the  drills  out  and  stopped  further  progress  of  the  work.  The  tunnel 
would  not  cut  the  coal  if  it  had  been  extended  clear  through  the  moun- 
tain, as  it  was  probably  far  below  the  bottom  of  the  shallow  basin  con- 
taining the  bed.  A  diamond  drill  hole  had  also  been  bored  in  the 
top  of  the  mountain,  but  outside  of  the  coal  basin." 

Further  north  near  Hedges  Mountain  on  the  headwaters 
cf  Cherry  Run  where  the  strata  are  overturned  with  a  resul- 
tant dip  of  80  degrees  to  the  east,  Mr.  Griffith  describes  the 
openings  as  follows : 

"The  outcrop  has  recently  been  cut  by  a  drift  on  the  north  side 
of  the  Cherry  Run  Gap  of  Short  Mountain,  and  more  recently  at  a 
shaft  in  the  gap  southwest  of  Norrington's  peach  orchard.  This  shaft 
is  about  5  feet  by  8  feet,  and  it  is  said  to  be  over  50  feet  deep.  Coal 
was  struck  about  half-way  down  and  it  is  said  to  be  about  4  or  5 
feet  thick.  A  number  of  tons  was  sold  to  the  farmers  near  by  for 
upwards  of  $4  per  ton,  and  was  pronounced  of  satisfactory  quality. 
Although  this  shaft  was  filled  with  water  and  we  were  not  permitted 
to  examine  the  coal  in  place,  we  were  able  to  judge  of  its  structure 
and  condition  by  the  heap  of  coal,  dirt,  etc.,  still  piled  near  the  top 
of  the  shaft.  It  is  unquestionably  in  the  same  crushed  and  faulted 
condition  ai  every  other  point  of  (ho  region,  where  openings  have 
been  made." 

In  order  to  test  the  coal  in  the  valley  itself  where  the  dip 
was  only  slight  in  the  bottom  of  the  syncline,  Mr.  Griffith  had 
.in  opening  made  mar  the  Meadow  Branch  -west  of  the  Myers 
]  lai  '■  which  showed  the  Follow  ing  : 


PLATE   XXIII (A). — Conococheague   Limestone,    Showing   Siliceous   Banding 

near  Prospect  Hill. 


PLATE  XXIII  (B).— Waynesboro  Limestone  One  Mile  South  of  HedgesvTIle. 
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"The  bed  of  coal  was  3%  to  4  feet  in  thickness,  lying  in  good  position 
between  regularly  dipping  rocks,  but  the  coal  was  of  the  same  crushed 
and  slippery  character  referred  to  above;  and  while  the  coal  would 
probably  burn  good,  the  crushed  condition  would  cause  an  excessively 
large  percentage  of  fine  coal,  such  at  pea,  buckwheat,  and  dust,  which 
would  reduce  the  market  value  of  the  product,  as  would  also  its  soft 
and  friable  nature;  on  account  of  which  it  could  not  stand  much 
handling,  but  would  readily  crumble,  causing  much  culm  and  waste." 

Mr.  Griffith  has  had  a  long  and  successful  experience  in 
the  anthracite  fields  of  Pennsylvania,  and  he  came  into  this 
field  unbiased  and  made  a  careful  study  of  it  and  gathered  all 
the  information  possible,  so  that  his  final  conclusions  from 
the  study  of  the  field  are  of  much  interest  and  should  have 
much  weight.  These  conclusions  agree  with  those  made  in 
the  early  days  by  Rogers  and  by  the  various  investigations 
after  the  time  of  Rogers,  and  are  given  in  the  following  ex- 
tract from  Mr.  Griffith's  report : 

"Our  investigations  of  this  curious  coal  field  led  us  to  regard  the. 
coal  beds  of  Third  Hill  as  a  sort  of  natural  curiosity  or  geological 
freak,  and,  owing  to  uncertainty  as  to  thickness  and  continuity,  and 
probable  unreliable  or  pockety  and  faulty  nature  of  the  beds,  their 
economical  value  is  small.  There  can  be  no  doubt  that  the  above-de- 
scribed crushed  condition  of  the  coal  beds  extends  throughout  the 
region,  including  the  deeper  parts  of  the  seam,  far  below  the  surface, 
as  well  as  near  the  outcrop.  Of  course,  if  the  coal  beds  in  Third  Hill 
were  proved  to  be  3  or  4  feet  thick  or  more,  continuous  and  reliable, 
the  large  investment  required  to  develop  for  railroad  shipment  would 
be  justifiable,  notwithstanding  the  crushed  condition  of  the  coal,  for 
the  location,  excellent  railroad  facilities,  and  good  market,  at  high 
prices,  would  go  a  long  way  toward  counterbalancing  the  loss  due  to 
poor  fracture  of  faulty  coal.  But  to  attempt  to  prove  the  reliability 
of  these  seams  as  to  thickness,  continuity,  etc.,  would  require  a  con- 
siderable expenditure  which  would,  in  the  writer's  opinion,  be  very 
likely  to  result  unfavorably." 

Mr.  M.  R.  Campbell,  of  the  United  States  Geological 
Survey  in  1903,  one  of  the  able  coal  geologists  of  that 
Survey,  made  a  detailed  examination  of  the  Meadow  Branch 
Coal  Field  (Bull.  225,  pp.  330-344).  He  describes  a  number 
of  coal  openings,  one  of  which  known  as  the  Shepherd  Shaft 
was  located  near  the  southwestern  extremity  of  the  mountain 
and  on  the  eastern  side  of  the  synclinal  basin  where  the  rocks 
were  nearly  vertical.  The  coal  was  cut  in  this  shaft  at  a  depth 
of  42J/4  feet  and  the  section  was  measured  by  Hammond 
Hunter  as  follows: 
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Ft.  In. 

Coal   5  9 

Sandstone    1  6 

Coal   4  0 

Shale  and   coal    3  8 

Coal    2  2 

Shale    4  0 

Coal    3  a 

24  9 

which  gives  a  total  thickness  of  15  feet  7  inches  of  coal. 

At  the  Nihiser  Shaft,  108  feet  deep,  located  two  miles 
north  of  Pinkerton  Knob  where  the  rocks  dip  southeast  70 
degrees,  Mr.  Campbell  gives  the  following  section  as  mea- 
sured by  Mr.  Hammond  Hunter: 

Ft.       in. 

Coal   4  4 

Shale     1  4 

Coal    4  0 

Shale  1  7 

Coal    2  0 

13  3 

which  gives  a  total  thickness  of  coal  of  10  feet  4  inches. 

The  Chappelle  Shaft  was  located  on  the  west  side  of  Short 

Mountain  near  the  north  end  of  the  basin  and  the  following 

section  was  measured  by  Campbell : 

Ft.       in. 

Coal  badly  mixed  with  slate 4  4 

Clay    1  3 

Coal  with  two  or  three  irregular  partings 5  3 

Clay    0  6 

Coal    (reported) 11  0 

22  4 

The  lower  portion  of  the  seam  could  not  be  seen  on  ac- 
count of  water  and  debris,  but  it  was  reported  to  be  11  feet 
thick.  If  this  reported  thickness  at  the  base  is  correct  there 
would  be  in  this  opening  20  feet  of  coal  which  is  identified  by 
Campbell  as  the  lower  seam  of  the  coal  shales.  The  thickness 
is  much  greater  than  usually  found  in  these  openings  and 
probably  represents  a  local  thickening  in  a  basin. 

At  the  foot  of  Sleepy  Creek  Mountain  northeast  of  Whites 
Cap,  Campbell   measured   (he  following  section: 
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Ft.  In. 

Coal,  badly  weathered 1  6 

Clay 0  1 

Coal,    weathered 0  8 

Clay 0  3 

Coal    1  0 

3  6 

which  shows  a  decrease  in  thickness  to  3  feet  2  inches  of  coal, 
and  Campbell  states  that  one  mile  to  the  south,  the  coal  mea- 
sured 3  feet  1  inch  and  was  badly  weathered. 

Campbell  sampled  the  coal  from  the  Chappelle  Shaft  and 
the  analyses  were  made  in  the  laboratory  of  the  U.  S.  Geolog- 
ical Survey.  No.  1  represented  the  run-of-mine  coal  after  the 
larger  lumps  of  slate  were  removed.  No.  2  was  made  from 
selected  lump  coal.  The  No.  3  sample  was  taken  on  top  of 
Third  Hill  Mountain  on  the  road  to  Myers  cabin,  and  about 
eight  miles  south  of  the  Chappelle  Shaft : 

No.   1  No.  2  No.  3 

Fixed  carbon    73.20  79.64  76.37 

Volatile  carbon 9 ..00  11.51  12.31 

Moisture    1.94  1.04  1.78 

Ash   15.86  7.81  9.54 

100.00  100.00  100.00 

Sulphur    0.91  0.81  0.54 

Phosphoric    oxide 0.04  0.02  0.02 

Fuel  ratio 8.13  6.92  6.20 

In  the  present  work  two  samples  of  coal  were  taken  from 
the  dumps,  one  at  the  Chappelle  Shaft  near  the  top  of  Short 
Mountain,  the  other  at  the  Meadow  Branch  Shaft,  just  east 
of  the  run  and  opposite  Whites  Gap.  A  sample  was  also  taken 
from  the  old  opening  one  and  a  half  miles  south  of  Myers 
cabin  (103),  also  from  the  Wheeler  mine  a  half  mile  south  of 
the  Hampshire  grade  road  west  of  Shanghai  (102).  These 
coals  have  been  exposed  to  weathering  action  for  at  least  three 
years.  They  were  analyzed  in  the  Survey  laboratory  with  the 
following  results : 
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No.  66  No.  87  No.   103  No.  102 

Chappelle  Meadow  South  of  Wheeler 

Shaft.  Branch.  Myers.  Mine. 

Fixed  carbon 81.45  81.37  81.25  82.80 

Volatile    matter...   11.51  11.02  11.92  10.86 

Moisture 0.59  0.46  0.41  0.48 

Ash   6.45  7.15  6.42  5.86 

100.00  100.00  100.00  100.00 

Sulphur    0.78  0.66  1.26  0.84 

Phosphorus    0.041  0.015  0.003  0.007 

When  this  sample  from  the  dump  is  compared  with  the 
one  taken  from  the  mine  by  Campbell,  it  is  seen  that  the 
analyses  agree  rather  closely  and  that  there  has  been  prac- 
tically no  loss  by  exposure.  The  coal  is  durable  in  composi- 
tion on  exposure.  The  analyses  show  a  high  percentage  of 
combustible  matter,  a  fairly  low  ash  and  coal  not  high  in  sul- 
phur and  phosphorous.  Chemically  this  is  a  very  fine  coal  if 
the  slate  is  separated. 

Classification  of  the  Meadow  Branch  Coal. — As  has  been 
stated  in  an  earlier  part  of  this  discussion,  this  Meadow 
Branch  Coal  has  been  called  an  anthracite,  a  semi-anthracite, 
and  even  a  semi-bituminous  coal.  The  classification  of  coals 
is  a  subject  of  considerable  discussion  and  of  considerable  dis- 
agreement among  coal  chemists  and  coal  geologists.  The  old 
classification  was  by  percentage  of  fixed  carbon  in  the  coal, 
and  five  varieties  of  coal  with  a  possible  sixth  at  the  bottom 
were  recognized.  In  1877,  Persifor  Frazer  on  the  Pennsyl- 
vania Survey  used  the  fuel  ratio  (percentage  of  fixed  carbon 
divided  by  the  percentage  of  volatile  matter)  as  the  basis  of 
classification,  and  this  method  has  been  very  generally  used 
since  that  time.    The  following  groups  were  thus  divided  : 

Fixed   Carbon. 

Per  cent.  Fuel    Ratio. 

Anthracite    100  to  90  100  to  12 

Semi-anthracite    90  to  85  12  to     8 

Semi-bituminous 85  to  75  8  to    5 

[bituminous    65   to  50  5  to     0 

Lignite    50  to  45 

Peal i^'^s  than  45 

Objections  are  made  to  both  methods  of  classification. 
Campbell    objects    to    the    fuel    ratio    classification    in    that    it 
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leaves  out  of  account  the  lignite  or  brown  coal  so  important 
in  many  parts  of  the  West,  and  also  in  the  grouping  together 
under  bituminous  coals  the  low-grade  coals  of  parts  of  Iowa 
and  Missouri  with  the  great  Pittsburgh  vein  and  New  River 
Coals  thus  suggesting  their  equal  value  in  the  classification. 
Recently  Professor  Parr1  in  Illinois  has  proposed  a  coal 
classification  based  on  the  ratio  of  volatile  carbon  unasso- 
ciated  with  hydrogen  and  the  total  carbon  with  the  following 
groups : 

Anthracite volatile  carbon — carbon  ratio  below  4  per  cent. 

Semi-anthracite,  volatile  carbon — carbon  ratio  between  4  and  8 

per   cent. 
Semi-bituminous,  volatile  carbon — carbon  ratio  from  10  to  15 

per  cent. 
Bituminous  (into  4  sub-groups)  ratio  from  20  to  45  per  cent. 

A  number  of  analyses  have  been  given  above  of  the 
Meadow  Branch  Coals.  The  fuel  ratios  according  to  these 
analyses  are  as  follows : 

Frazer.      U.  S.  G.  S.        Campbell,  U.  S.  G.  Survey     W.  Va.  Geol.  Survey 
No.  1.         No.  2  No.  3.         No.  66        No.  87 

11.33  7.45  8.13  6.92  6.20  7.07  7.38 

By  applying  the  Frazer  classification  above  to  these  coals, 
they  are  found  in  no  case  to  fall  in  the  anthracite  group,  and 
with  the  exception  of  the  Frazer  analysis  and  the  No.  1  of 
Campbell,  they  fall  in  the  semi-bituminous  class,  yet  their 
texture  and  structure  indicate  that  they  should  be  regarded 
as  above  this  class  and  they  probably  would  be  best  classified 
as  semi-anthracite  coals. 

Coals  are  examined  in  two  ways  known  as  the  proximate 
and  ultimate  analysis.  The  proximate  analysis  separates  the 
coal  into  the  following  components :  Fixed  carbon  and  vola- 
tile combustible  matter  which  determine  the  heating  value 
of  the  coal,  moisture  and  ash  which  give  no  fuel  value  but  are 
inert  parts,  sulphur  which  in  large  quantity  may  prove  in- 
jurious in  the  furnace.  This  is  the  usual  form  of  analysis  and 
the  above  coal  analyses  are  proximate. 

The  ultimate  analysis  separates  the  coal  into  its  essential 


"Bull.  111.  Geol.  Survey,  No.  3,  pp.  51-52;  1906. 
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chemical  elements :  Carbon,  hydrogen,  oxygen,  nitrogen,  sul- 
phur, and  ash.  Its  use  in  determining  the  value  of  a  coal  is 
not  so  apparent  to  the  untrained  eye  as  the  proximate 
analysis,  and  it  is  therefore  more  rarely  made  and  used.  It 
is  the  more  accurate  method  of  analysis,  and  when  such 
analyses  are  made  over  the  country,  they  will  afford  a  scien- 
tific basis  for  the  comparison  of  the  various  coals. 

An  ultimate  analysis  was  made  in  the  Survey  laboratory 
of  the  coal  from  the  Meadow  Branch  opening  to  east  of 
Whites  Gap  through  Sleepy  Creek  Mountain  with  the  follow- 
ing results:  No.  87 

Per  cent. 

Carbon 86.14 

Hydrogen    3.27 

Oxygen 2.14 

Nitrogen    0 .  64 

Sulphur   0.66 

Ash 7.15 

100.00 

With  the  total  carbon  as  determined  by  the  ultimate 
analysis,  the  more  modern  classification  of  Professor  Parr  can 
be  applied  to  these  coals.  By  his  method  the  amount  of 
fixed  carbon  as  determined  in  the  proximate  anatysis  sub- 
tracted from  the  total  carbon  as  determined  in  the  ultimate 
analysis  will  give  the  amount  of  volatile  carbon.  His  classi- 
fication is  based  on  the  ratio  of  this  volatile  carbon  to  total 
carbon.  In  the  above  Meadow  Branch  mine  coal  the  total 
carbon  is  86.14  per  cent.,  and  the  amount  of  fixed  carbon  is 
81.37  per  cent.,  so  that  the  amount  of  volatile  carbon  would 
be  4.77  per  cent.  The  ratio  of  the  volatile  carbon  to  total 
carbon  would  be  4.77  divided  by  86.14,  or  5  per  cent.  Ac- 
cording to  the  table  above  of  the  Parr  classification,  this  ratio 
falls  in  the  semi-anthracite  group  and  the  Meadow  Branch 
coal  is  not  properly  called  anthracite,  but  it  is  a  semi- 
anthracite. 

The  heating  value  of  coal  is  expressed  in  terms  of  British 
Thermal  Units.  The  British  Thermal  Unit,  usually  marked 
B.  T.  U.,  represents  the  number  of  pounds  of  water  one  pound 
of  tin-  fuel  will  raise  one  degree  Fahrenheit.    It  is  a  convenient 
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and  scientific  method  of  comparing  heating  values  of  different 
coals.  The  Pittsburgh  Coal  at  Fairmont  contains  about 
14,200  B.  T.  U.,  and  it  is  regarded  as  one  of  the  best  steam 
coals.  The  highest  value  ever  found  in  the  coals  of  this  State 
is  15,927  B.  T.  U.  in  the  Pocahontas  field.  The  heating  value 
of  this  Meadow  Branch  mine  semi-anthracite  coal  as  deter- 
mined in  the  Survey  laboratory  is  14,630  B.  T.  U.,  which 
shows  it  to  be  a  coal  of  very  high  heating  value. 

CONCLUSION. — By  the  extreme  folding  and  duplica- 
tion of  the  coal  seams  on  the  overturned  eastern  limb  of  the 
syncline  on  Third  Hill  Mountain,  and  the  nearly  vertical  posi- 
tion of  the  beds,  and  the  fact  that  the  outcrops  here  come  to 
the  surface,  this  has  been  the  favorite  locality  for  prospect 
work,  and  most  of  the  openings  have  been  made  in  this  direc- 
tion. These  deceptive  foldings  and  duplications  seem  to  con- 
firm this  opinion  of  the  prospectors  as  to  the  best  place  for 
work.  He  has  thus  determined  that  the  coal  seams  are  thicker 
in  this  portion  of  the  syncline  and  therefore  thinner  in  the 
valley  and  on  the  eastern  slope  of  Sleepy  Creek  Mountain. 
By  this  close  folding  and  resultant  fracturing  of  the  beds, 
there  is  an  apparent  increase  in  thickness  in  pockets  at 
various  places  over  Third  Hill  Mountain,  but  also  the  coal  and 
slate  are  greatly  crushed  and  so  intermingled  that  it  is  almost 
impossible  to  separate  coal  from  slate  in  any  commercial 
quantity  or  at  any  reasonable  cost.  In  this  part  of  the  area, 
the  coal,  as  Campbell  pointed  out  in  this  report,  is  in  much 
poorer  condition  for  mining  and  shipping  than  in  the  valley. 
Campbell  advised  in  his  report  that  "the  commercial  develop- 
ment of  the  field  should  be  undertaken  as  near  the  center  of 
the  basin  as  it  is  possible  to  locate",  for  the  very  good  reason 
as  he  states  that  "even  a  very  casual  examination  of  the 
Meadow  Branch  field  will  show  that  the  rocks  constituting 
the  eastern  or  overturned  limb  are  much  more  disturbed  and 
fractured  than  those  in  the  center  of  the  basin.  The  coal, 
being  the  softest  member  involved,  has  suffered  the  greatest 
amount  of  disturbance  and  consequently  it  is  reduced  to  the 
crushed  condition  shown  in  the  Chappelle  shaft." 

These  various  reports  made  by  coal  engineers  and  geolo- 
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gists,  from  Rogers'  report  in  1838  to  the  present  time,  have 
shown  that  coal  of  the  semi-anthracite  variety  is  found  in  the 
Meadow  Branch  field  in  seams  of  probably  2  to  3^4  feet  thick- 
ness with  local  thickening  to  much  greater  amount.  In  se- 
lected samples  free  from  the  slate,  it  is  of  very  high  quality 
It  is,  however,  so  intermingled  with  the  slate  and  so  badlv 
crushed,  that  it  is  at  the  present  time  impossible  to  econom- 
ically separate  the  coal  from  the  slate  into  a  commercial  prod- 
uct. There  is  the  added  expense  in  this  field  of  large  quan- 
tities of  water  which  involve  a  considerable  charge  for  pump- 
ing, and  there  is  no  railroad  to  the  field.  The  railroad  is  five 
miles  distant  and  the  route  is  favorable  to  construction. 
There  would  be  no  great  difficulty  in  building  a  railroad  to  the 
field  if  the  coal  justified  the  investment. 

With  all  this  agreement  on  the  part  of  various  engineers 
who  have  reported  on  this  field,  yet  Col.  J.  M.  Guffey,  a  prac- 
tical and  successful  operator  for  many  years  in  the  Pennsyl- 
vania and  West  Virginia  coal  fields,  after  an  investigation  of 
the  proposition,  came  to  the  conclusion  that  these  reports 
were  not  accurate  as  to  the  value  of  this  coal  as  a  commer- 
cial product  in  this  territory,  and  he  invested  large  sums  of 
money  in  securing  control  of  the  entire  field  and  in  sinking 
shafts  and  inclines.  He  prosecuted  this  work  with  great  activ- 
ity with  a  working  force  in  the  field  and  an  equipment  of 
machinery  for  operation.  He  probably  has  done  more  in 
opening  up  the  field  than  all  that  had  been  done  before.  His 
work  was  being  pushed  until  business  demanded  all  his  atten- 
tion in  other  fields,  and  the  work  here  ceased  about  1911. 
While  rumors  are  afloat  as  to  resumption  of  the  work,  nothing 
has  been  done  since  that  time. 

All  of  these  surface  openings  are  now  caved  in,  and  the 
shafts  and  inclines  are  full  of  water,  so  that  no  investigation 
can  be  made  on  the  ground  of  the  coal  in  these  openings. 
Only  the  dumps  are  available  for  study  and  they  do  not  fur- 
nish very  satisfactory  data.  It  is  therefore  impossible  in  this 
I  hapter  to  give  much  additional  data  to  that  included  in  the 
papers  of  the  engineers  quoted  in  the  preceding  pages,  who 

.1    ited   this  area  when   the  openings  could  be  studied. 


CHAPTER  XIV. 


THE  LIMESTONE  RESOURCES  OF  THE 
EASTERN  PANHANDLE  COUNTIES. 


GENERAL  DESCRIPTION  OF  THE  LIMESTONES  OF 
THE  EASTERN  PANHANDLE  AREA. 

In  Berkeley  and  Jefferson  Counties,  West  Virginia,  occur 
vast  deposits  of  limestone  and  dolomite  which  form  the  basis 
of  a  large  quarry  industry.  This  group  of  limestones  of 
Cambrian  and  Ordovician  age  has  for  many  years  been  known 
as  the  Shenandoah  Limestone,  and  was  named  at  an  early 
date  the  Valley  Limestone  by  Rogers,  who  pointed  out  its 
future  value  for  the  manufacture  of  hydraulic  cement  and 
agricultural  lime. 

The  Shenandoah  Limestone  by  later  studies  has  been 
separated  into  a  series  of  horizons  as  described  in  preceding 
Chapters  on  the  Ordovician  and  Cambrian  periods.  It  was  there 
shown  that  one  of  the  Ordovician  limestones,  the  Stones  River, 
contained  limestone  of  very  great  purity,  and  this  horizon 
furnishes  one  of  the  highest  quality  fluxing  limestones  in  the 
country.  Large  quarries  and  plants  are  engaged  in  the  work 
of  furnishing  this  flux  stone  to  the  steel  centers  at  Baltimore, 
Harrisburg,  Johnstown,  and  the  Pittsburgh  district.  It  also 
furnishes  a  very  pure  lime,  while  the  other  limestones  of  the 
Shenandoah  Group,  more  siliceous  and  magnesian  in  compo- 
sition are  quarried  and  used  for  lime,  ballast,  concrete,  and 
road  material.  Beds  of  very  low  silica  dolomite  occur  and  are 
used  to  supply  magnesian  limestone  for  the  basic  furnaces  of 
the  Pittsburgh  district. 

The    limestone    and    lime    industries    have    become    very 


362  THE   LIMESTONE  RESOURCES   OF   THE  EASTERN 

PANHANDLE    COUNTIES. 

important  sources  of  revenue  in  these  counties,  and  represent 
the  most  important  mineral  resources  of  the  eastern  Pan- 
handle area.  The  stratigraphy,  correlation,  and  distribution 
of  these  limestones  have  been  described,  and  it  now  remains 
to  discuss  their  economic  importance  and  development. 

Limestone  is  almost  entirely  of  organic  origin.  By  or- 
ganic, we  mean  that  it  is  the  result  of  animal  and  plant  life. 
Mollusks,  marine  algse,  and  other  forms  of  sea  life  have  gath- 
ered the  particles  of  lime  for  their  skeletons  in  ages  past,  and 
dying  have  left  their  limy  coverings  or  hard  parts  on  the 
ocean  floor.  Untold  ages  of  the  action  of  the  water  and  of 
chemical  change  transformed  these  shells  into  vast  layers  of 
limestone  which  by  later  upheavals  and  geological  changes 
were  raised  above  the  surface  of  the  water  as  we  find  them 
to-day. 

In  the  process  of  formation,  foreign  substances  would 
naturally  find  their  way  into  the  limestone  bed,  either  by 
being  held  in  solution  in  the  water,  or  by  being  mixed  with 
the  lime  on  the  ocean  bottom.  In  some  places  there  would 
be  no  more  of  these  outside  ingredients  than  in  others,  and 
an  impure  limestone  was  the  result.  In  other  places,  less 
impurities  produced  a  better  grade  of  stone ;  and  in  a  very 
few  places  there  were  practically  no  other  materials  deposited 
with  the  marine  exuviae,  and  in  these  rarer  instances  lime- 
stone is  found  which  runs  as  high  as  98  to  99  per  cent,  lime 
carbonate. 

These  beds  of  pure  limestone  are  the  sources  from  which 
are  drawn  the  lime  of  commerce,  and  the  various  other  prod- 
ucts of  limestone  that  form  such  essential  and  valuable 
elements  of  our  industrial  life.  The  value  of  such  deposits 
where  they  are  of  large  extent  can  scarcely  be  computed. 

Limestone  is  essential  in  the  manufacture  of  Lime,  Port- 
land Cement,  Furnace  Flux,  Concrete,  and  is  used  for  many 
other  purposes. 

In  the  Eastern  Panhandle  Area  of  West  Virginia  is  a 
broad  limestone  belt  which  follows  the  Shenandoah  Valley 
from  Maryland  across  Jefferson  County  and  a  large  portion 
<  ;'  Berkeley,  then  through  Virginia  into  Tennessee.    The  belt 
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can  be  followed  northward  through  Pennsylvania  to  New 
York.  Its  width  averages  about  24  miles,  and  the  area  is 
marked  by  large  orchards  and  rich  farming  lands,  long  famous 
for  their  fertility. 

This  limestone  varies  in  color  from  a  light-gray  or  white 
through  a  dark-blue  to  black.  While  the  black  limestone 
appears  to  the  eye  to  be  the  most  impure,  it  is  often  found  on 
analysis  to  be  high  in  carbonate  of  lime,  the  dark  color  being 
caused  by  organic  material.  The  rock  varies  in  chemical 
composition  from  99  per  cent,  pure  to  dolomites  of  theoretical 
composition. 

The  general  trend  of  the  formation  is  20  to  30  degrees 
east  of  north.  It  is  composed  of  a  series  of  belts  with  the 
same  general  trend  which  for  considerable  distances  are  nearly 
constant  in  composition.  The  rocks  are  tilted  at  high  angles 
and  are  much,  folded.  The  upturned  edges  of  this  formation, 
running  parallel  in  long  lines  with  the  northeast  trend,  make 
a  striking  feature  in  the  topography  of  the  region. 

Most  of  the  limestone  is  more  or  less  magnesian  and  high 
in  silica,  but  here  and  there  over  a  belt  24  miles  long  and  of 
varying  width  to  the  north  and  south  of  Martinsburg,  are 
more  or  less  lenticular-shaped  deposits  of  very  low  silica 
limestone.  These  lenses  vary  in  width  from  a  few  feet  up  to 
600,  and  in  exceptional  cases  800  to  1000  feet.  In  length  they 
seldom  in  surface  exposure  exceed  one-half  mile.  The  high- 
grade  rock  is  bordered  by  shales  or  a  lower-grade  limestone. 
The  silica  increases  somewhat  with  depth,  but  in  the  bore 
holes  examined  the  silica  was  below  one  per  cent,  to  a  depth 
of  130  feet. 

These  lenses  of  high-grade  stone  in  some  cases  pinch  out 
in  width  as  followed  to  north  and  to  south ;  in  other  lenses 
the  stone  dips  under  heavy  cover  of  other  stone  and  the  out- 
crop is  lost.  A  few  of  these  belts  have  been  traced  with  a 
length  of  two  miles  without  a  break.  The  high-grade  lime- 
stone deposits  are  approximately  parallel  and  appear  in  this 
district  to  lie  in  three  belts.  One  belt  is  found  ten  miles 
south  of  Martinsburg  at  Bunker  Hill  and  continues  north  five 
miles  to  Darkesville,  and  also  occurs  in  the  quarries  east  of 
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Martinsburg,  and  north  to  the  deposits  west  of  Falling 
Waters  at  Kunztown  and  at  Indian  Church  on  the  Potomac. 
A  second  belt  is  opened  at  the  Blair  quarries  three  miles  east 
of  Martinsburg,  thence  trending  north  by  Myers  Bridge  east 
of  Opequon.  The  third  belt  is  shown  in  the  good  limestone 
west  of  Whitings  Neck,  continuing  north  into  Maryland  near 
Williamsport  Station,  and  southward  to  Van  Clevesville.  By 
folding  these  belts  are  duplicated  in  different  parts  of  the  area 
so  there  are  a  number  of  other  short  lines  of  outcrop  often 
described  as  separate  belts  as  they  really  are  in  outcrop. 
These  different  belts  are  not  continuous  on  the  surface,  but 
dip  down  below  the  more  impure  rock  for  quite  a  distance, 
then  come  to  the  surface  again. 

In  these  belts  are  found  a  series  of  parallel  high-grade 
ledges  separated  by  other  limestones,  and  they  represent  folds 
of  the  same  stratum  with  the  tops  of  the  folds  eroded  away. 
This  feature  is  well  shown  in  the  tracts  south  and  east  of 
Martinsburg.  This  parallel  arrangement  of  high-grade  ledges 
and  the  resulting  large  tonnage  available  are  unique  in  the 
limestone  fields  of  this  country  and  render  the  district  an 
ideal  location  for  the  quarry  industry  of  high-grade  flux 
limestone. 

While  the  industry  is  about  twenty  years  old,  it  is  really 
in  its  infancy  so  far  as  development  is  concerned.  There  are 
as  large  and  valuable  deposits  to-day  on  the  market  at  reason- 
able prices  as  have  already  been  opened  by  existing  com- 
panies. It  forms  a  promising  field  for  profitable  investments. 
Two  steel  companies  now  own  tracts  of  this  limestone  but 
have  not  opened  them.  Another  steel  company  is  operating 
quarries,  and  another  is  making  preparations  to  operate  on  a 
large  scale. 

Since  not  all  the  stone  in  this  area  is  high-grade,  it  be- 
comes very  important  in  locating  sites  for  plants  to  secure 
a  sufficient  acreage  of  the  good  stone.  This  involves  very 
careful  prosped  work',  followed  by  thorough  testing  of  the 
formation.  Prospect  work  seems  t<>  show-  that  the  low  silica 
and  low  magnesian  stone  disappears  a  short  distance  north  oi 
the  rivet  in  Maryland,     ft  is  a  restricted  area  of  about  25  miles 
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in  length  by  five  miles  in  width,  but  with  a  very  large  ton- 
nage, and  is  a  valuable  asset  in  the  State's  mineral  wealth. 
From  this  district  at  the  present  time  about  1,000,000  tons  of 
flux  are  shipped  annually.  The  district  is  reached  by  three 
railroads — the  Baltimore  and  Ohio,  the  Cumberland  Valley 
Division  of  the  Pennsylvania  System,  and  at  the  north  by  the 
Western  Maryland. 

In  all  the  Martinsburg  quarries,  the  surface  outcrop  is 
deeply  channelled  and  the  rock  projects  in  pinnacles  and 
knobs,  the  interspaces  filled  with  red  clay.  The  stripping 
must  therefore  be  done  by  pick  and  shovel,  and  a  stripped 
quarry  has  an  exceedingly  rough  and  irregular  surface  very 
difficult  to  walk  across.  The  stone  high  in  carbonate  of  lime 
is  very  readily  eroded  and  subject  to  solution,  while  the  more 
siliceous  limestone  weathers  with  comparatively  smooth  sur- 
face. 

As  a  result  of  solution  the  fissures  are  formed  often  to 
considerable  depth  and  the  limestone  abounds  in  caves  and 
underground  watercourses.  Such  a  watercourse  or  under- 
ground stream  from  the  Big  Spring  to  the  south  of  the 
Standard  quarries  south  of  Martinsburg  falls  into  a  sink-hole 
and  apparently  passes  under  the  Standard  quarries  issuing  in 
large  springs  in  the  town  and  formerly  furnished  the  water- 
supply  of  Martinsburg.  The  deepest  quarry  of  the  Standard 
Company  near  the  Charlestown  road  at  a  depth  of  90  feet 
opened  an  underground  water  reservoir  and  in  one  night  it 
flooded  the  quarry  to  a  depth  of  50  or  60  feet.  Continual 
pumping  with  large  pumps  for  weeks  failed  to  lower  the  water 
any  appreciable  amount  and  the  quarry  was  abandoned. 

Large  quantities  of  water  are  pumped  from  nearly  all  the 
quarries  in  the  Martinsburg  district  and  when  the  pumps  are 
shut  down  for  a  few  days  they  fill  with  water.  With  the 
advantage  of  cheap  and  reliable  electric  power,  all  the  quar- 
ries are  operated  with  it  which  is  furnished  by  two  companies, 
one  at  Martinsburg,  and  one  at  Winchester  with  its  plant  near 
Millville  in  Jefferson  County.  The  power  is  generated  by 
waterfall  on  the  Potomac  and  the  Shenandoah  Rivers,  and  is 
brought  on. high-power  transmission  lines  to  all  the  quarries 
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where  it  is  stepped  down  to  the  voltage  required.  The  quar- 
ries are  directly  connected  with  the  Baltimore  and  Ohio  or 
Cumberland  Valley  Railroads  by  switches,  some  of  which  are 
two  miles  and  a  half  long. 

An  added  factor  in  the  economy  of  the  Martinsburg 
district  flux  is  the  great  number  of  empty  coal  cars  moving 
westward  from  tide-water  back  to  the  Pennsylvania  and 
West  Virginia  coal  fields.  It  is  a  great  advantage  to  the 
railroad  to  have  these  cars  loaded  for  the  West  and  they  can 
thus  give  a  low  freight  rate  on  limestone  flux  for  the  Johns- 
town and  Pittsburgh  districts.  The  distance  from  Martins- 
burg to  Pittsburgh  is  230  miles  and  the  freight  rate  of  65  cents 
a  ton  is  the  same  as  from  the  Altoona  district  by  the  Pennsyl- 
vania System  over  a  much  shorter  haul.  Eastward  the  rate 
is  higher,  being  the  same  to  Baltimore  as  to  Pittsburgh  though 
the  distance  is  only  100  miles.  This  locality  therefore  is 
assured  of  a  very  low  freight  rate  West,  and  what  is  also  very 
important  an  abundant  supply  of  empty  cars  even  when  the 
car  supply  is  insufficient  in  the  coal  fields. 

The  three  railroads  in  this  district  enable  the  stone  to  be 
sent  to  a  wide  market  and  the  very  low  silica  makes  the  stone 
in  demand  at  all  the  steel  centers.  Limestone  flux  is  shipped 
from  Martinsburg  into  Ohio  as  far  as  Canton  and  to  Youngs- 
town  under  freight  rates  of  $1.40  and  $1.20  per  ton,  the  high 
quality  of  the  stone  overcoming  the  high  freight  rate.  The 
limestone  flux  is  sold  at  50  to  55  cents  a  long  ton  at  the 
quarry. 

The  nearness  of  the  limestone  area  to  the  Cumberland 
coal  fields,  less  than  100  miles,  gives  a  low  cost  for  fuel  and 
prompt  shipments.  The  high-grade  steam  coal  is  laid  down 
at  the  quarries  for  $2.50  to  $2.60  per  long  ton,  but  even  then 
it  is  found  cheaper  to  use  electrical  power  as  far  as  possible. 

The  vertical  depth  of  this  high-grade  limestone  is  not 
known.  The  deepest  quarry,  so  Ear,  attained  a  depth  of  90 
feel  and  the  rock  was  still  good.  Diamond  drill  borings  have 
been  made  to  a  depth  of  200  Eeet  and  still  in  the  limestone 
which  was  low  in  silica  to  160  feet.  In  some  of  these  core 
drillings  the  samples  for  120  to  150  feet  averaged  less  than 
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one  per  cent,  silica,  but  below  that  depth  the  silica  increased 
rapidly.  There  seems  to  be  an  increase  in  silica  in  the  quar- 
ries and  in  the  drill-holes  as  the  rock  is  followed  below  the 
surface,  but  the  rate  of  increase  is  not  uniform.  When  the 
pitching  ends  of  the  folds  or  lenses  are  approached  the  depth 
of  the  good  rock  becomes  shallow  and  at  40  to  60  feet  the 
more  siliceous  rock  is  encountered.  In  some  of  these  folds 
that  have  disappeared  below  the  more  impure  rock,  drilling 
shows  its  continuation  below.  In  one  place  north  of  the  ex- 
posed high-grade  rock  a  hole  was  drilled  65  feet  through  low- 
grade  rock  and  then  entered  the  very  high-grade  stone.  This 
feature  lends  encouragement  for  future  work  in  mining  such 
limestones  below  the  surface.  Limestone  mines  are  now  in 
successful  operation  in  Pennsylvania  and  they  have  the  ad- 
vantage in  enabling  the  quarrymen  to  work  in  all  kinds  of 
weather  and  avoid  all  stripping  cost.  At  some  future  time 
this  method  will  undoubtedly  be  used  in  portions  of  this  field. 

The  stripping  of  these  quarries  involves  the  removal  of 
any  low-grade  rock  over  the  good  stone,  but  is  mainly  con- 
fined to  the  removal  of  the  surface  red  clay  and  soil  resulting 
from  the  disintegration  of  the  limestone.  This  clay  cover  will 
vary  from  a  few  inches  to  20  to  30  feet  in  low  places  in  the 
outcrop.  On  account  of  the  uneven  surface  of  the  stone,  this 
stripping  must  be  done  mainly  with  pick  and  shovel  and  carted 
away. 

In  the  earlier  part  of  the  work  scrapers  can  be  used.  The 
stripping  costs  about  30  to  35  cents  a  yard  and  will  average 
about  one  and  a  half  to  two  cents  a  ton  of  stone  with  depth  of 
quarry  of  50  feet.  Experiments  have  been  tried  to  strip  with 
hydraulic  power  but  the  clay  when  wet  is  very  pasty  and 
forms  balls  that  will  not  wash  away.  In  fact  this  character 
of  the  red  clay  of  this  region  makes  it  very  troublesome  to 
move  in  wet  weather,  but  in  dry  weather  it  crumbles  to  a 
loose  sand.  It  is  also  very  troublesome  in  following  the 
crevices  down  into  the  deeper  parts  of  the  quarry  where  it 
must  be  removed  in  quarry  cars. 

In  most  of  the  quarries  the  contract  system  of  labor  is 
used,  the  men  receiving  so  much  a  truck-load  of  stone  or  dirt 
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removed.  Both  native  and  foreign  labor  are  used,  and  a  good 
active  truckman  will  earn  about  three  dollars  a  day  on  this 
contract  system.  The  stone  is  broken  in  the  quarry  to  one- 
man  size,  that  is,  as  large  as  a  man  can  lift  into  the  truck. 
Such  size  stone  is  in  demand  at  some  steel  furnaces.  The 
more  usual  demand  is  for  eight-inch  size  stone,  and  for  this 
purpose  the  one-man  stone  is  hauled  to  the  crusher  and  broken 
to  the  required  size.  It  is  very  important  that  no  clay  is 
loaded  with  the  stone  as  clay  is  an  aluminum  silicate  and 
would  thereby  increase  the  silica  in  a  car-load  of  stone,  thus 
making  a  load  of  low  silica  limestone  run  high  in  silica.  Most 
of  the  quarry  contracts  at  the  present  time  are  made  on  a  basis 
of  one  per  cent,  silica  or  less.  The  stone  is  loaded  into  open 
gondola  or  hopper  cars  holding  45  to  60  tons,  and  railroad 
weights  usually  control  the  settlements. 

FURNACE  FLUX. 

The  great  demand  for  the  Martinsburg  Limestone  is  for 
furnace  flux  in  the  steel  districts.  In  the  smelting  of  iron  ore 
and  in  the  conversion  of  pig  iron  into  steel  in  the  open-hearth 
furnace,  a  Flux  must  be  used  to  aid  in  the  fusion  and  to  re- 
move the  impurities.  Crushed  limestone  has  proved  to  be 
superior  to  all  other  materials  for  this  purpose  when  economy 
of  production  is  considered. 

Iron  ore  as  used  to-day  in  the  Pittsburgh  district  contains 
about  45  to  50  per  cent,  metallic  iron,  mixed  with  silica, 
alumina,  phosphorus,  etc.,  as  impurities.  The  ore  is  practically 
infusible  at  any  ordinary  temperature,  but  when  mixed  with 
limestone  in  the  blast-furnace  is  readily  fused.  The  acid  im- 
purities of  the  ore  unite  with  the  basic  lime  and  magnesia  of 
the  limestone  forming  a  fused  slag  which  is  drawn  off,  leaving 
the  metallic  iron  more  or  less  free  from  its  impurities,  and  in 
the  form  of  pig  iron. 

If  the  limestone  flux  contains  a  considerable  percentage 
(it  impurities  in  itself,  the  use  of  such  impure  stone  adds  to 
the    burden    of    work    in    the    furnace.      The    efficiency    of   the 


PLATE  XXIV. — Contact  of  Waynesboro  and  Elbrook  Limestones  One 
Mile  East  of  Shepherdstown  near  Cement  Mill. 
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limestone  will  be  lowered  in  at  least  four  important  ways,  as 
follows : 

First,  a  portion  of  the  lime  will  be  required  to  neutralize 
the  silica  and  alumina  of  the  stone  used,  so  that  more  pounds 
of  impure  limestone  are  required  than  of  pure  rock.  This  in- 
volves a  greater  cost  of  stone  to  the  charge. 

Second,  the  larger  charge  of  limestone  required  involves 
the  use  of  more  fuel  to  melt  the  larger  charge,  and  thus  a 
higher  fuel  cost. 

Third,  there  is  involved  a  higher  manufacturing  cost 
through  decreased  output  with  the  use  of  lower-grade  lime- 
stone. 

Fourth,  the  additional  stone  required  involves  a  higher 
freight  cost  on  the  limestone  per  charge  of  furnace.  There 
would  also  be  an  increased  labor  cost  in  handling  the  addi- 
tional amount  of  material. 

A  limestone  with  over  four  per  cent,  silica  is  not  desirable 
in  the  blast-furnace, while  in  the  open-hearth  steel  furnace  prac- 
tically all  contracts  require  that  the  silica  shall  run  under  one 
per  cent.  It  requires  1,000  to  1,500  pounds  of  limestone  flux 
to  the  ton  of  pig  iron  made  in  the  Pittsburgh  district.  In  this 
district  alone,  2,656,811  gross  tons  of  limestone  flux  were 
consumed  in  1911;  and  the  Pennsylvania  and  Maryland 
furnaces  used  that  year  4,293,637  tons  of  limestone.  Most 
of  the  Pennsylvania  flux  came  from  that  State  where, 
by- less  distance  from  the  quarries,  freight  rates  were  lower 
than  from  the  Martinsburg  area,  but  this  stone  averaged  about 
three  per  cent,  silica.  The  important  problem  to  solve  is 
therefore  the  commercial  value  of  a  low  silica  limestone  as 
compared  with  the  higher  silica  stone. 

Valuation  Of  Limestone  As  Furnace  Flux. 

In  the  determination  of  the  real  value  of  limestone  as  flux, 
it  is  necessary  both  to  deduct  the  percentage  of  impurities  it 
contains,  and  also  the  amount  of  lime  base  that  is  necessary 
to  flux  these  impurities. 

The    important    impurities    to    consider    are    silica    and 
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alumina,  and  to  flux  these  elements  an  equal  quantity  of  lime 
is  required.  In  the  limestone  this  lime  is  in  the  form  of  car- 
bonate, and  1.8  units  of  lime  carbonate  would  equal  one  unit 
of  lime  oxide.  To  estimate  the  actual  value  of  the  limestone 
as  flux,  there  must  be  deducted  from  the  total  amount  of  lime 
and  magnesian  carbonates,  (ca),  the  amount  of  silica  and 
alumina  (A),  and  also  1.8  times  this  quantity  of  impurities  to 
flux  the  same,  or, 

cB  =  100—  (A  +   1.8  A),  or  ca  =  100  —  2.8  A. 

It  has  been  stated  above  that  the  larger  charge  of  im- 
pure limestone  required  involves  a  larger  charge  of  coke  fuel 
and  also  a  higher  manufacturing  cost  through  decreased  out- 
put. The  effect  of  these  factors  on  the  determination  of  the 
commercial  value  of  the  limestone  has  been  reduced  to  formulae 
by  the  Maryland  Geological  Survey  in  their  report  on  lime- 
stones (Vol.  VIII,  p.  242). 

This  Survey  found  that  from  the  average  northern  fur- 
nace practice,  the  fuel  carbon  consumption  is  about.  0.13 
pounds  carbon  per  pound  of  slag  to  be  melted,  or  0.1456  short 
tens  of  coke  to  the  long  ton  of  slag.  They  determined  the 
cost  of  coke  required  by  the  impurities  in  a  long  ton  of  lime- 
stone as  follows : 

C — represents  the  extra  coke  (short  tons)   required  for  one  long 

ton  of  limestone. 
P — is  the  price  of  coke  per  ton. 
fc — is  the  per  cent,  of  fixed  carbon  in  the  coke. 
A — is  the  per  cent,  of  silica  and  alumina  in  the  limestone. 

It  has  been  shown  that  to  flux  A  per  cent,  silica  and 
alumina  of  the  stone  requires  an  equal  amount  of  lime,  so  that 
the  amount  of  slag  thus  formed  would  be  2A.  Then  from  the 
above, 

0.1456                        0.2912    A 
C  =  2  A  x  or     C  =  


fc  fc 

In  furnace  practice  5  per  cent,  is  added  for  finely  divided 
and  waste  coke  which  would  change  the  above  furmula  to 
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0.2912  A     -f     .0145  .306  A 

C  = or,     C 


fc  fc 

P  representing  the  cost  of  coke  per  ton,  the  cost  of  the 
extra  coke  required  by  the  impurities  of  a  long  ton  of  lime- 
stone would  then  be  determined  as, 

.306  AP 

C  =  Cost  of  extra  coke  =  

fc 

To  determine  the  higher  manufacturing  cost  through  de- 
creased output  as  worked  out  by  the  Maryland  Survey  (p.  243) 
by  the  combination  of  the  factors  of  cost  of  coke,  stone,  and 
manufacturing,  let 

M — represent  manufacturing  cost  per  ton  of  iron  on  pure  stone 

basis. 
C — short  tons  coke  to  care  for  impurities  in  one  long  ton  stone. 
A — the  percentage  of  silica  and  alumina  in  the  limestone. 
fo — the  per  cent,  of  fixed  carbon  in  the  coke. 

ck — short  tons  of  coke  used  per  ton  of  iron  on  pure  stone  basis. 
1 — the  increase  in  manufacturing  cost  per  long  ton  of  stone  due 

to  its  impurities. 
S — long  tons  pure  stone  needed  per  ton  of  iron. 

The  manufacturing  cost  per  day  being  nearly  constant, 
the  cost  per  ton  of  iron  would  equal  a  constant  divided  by  the 
output,  or  M=l/output.  The  output  is  found  in  practice  to 
be  inversely  proportional  to  the  coke  consumption,  so  that 
M  :  ck  and  also  M/S   :  ck/S. 

If  an  impure  limestone  is  used  the  manufacturing  cost 
per  ton  is  M/S  +  I>  and  the  coke  used  per  ton  of  stone  is 
ck/S  +  C,  or, 

MM  ck  ck  MC 

—     :     —     +     I     :     :     —     :     —     +     C.     or.     I  =  

S  S  S  S  ck 

C — has  above  been  found  to  equal  .306  A/fc,  so  that  we 
have 

.306  MA 


I 


fc  x  ck 
Now  combining  the  three  factors  and  formulas : 
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I.     The  relation  of  silica  and  alumina  impurities. 

ca  =  100  —  2.8  A,     or,     ca  =  1  —  .028  A. 
II.     By  increased  coke  consumption, 

.306  AP 

C  =  

fc 
III.     By  higher  manufacturing  cost  involved, 

.306  MA 

I  =  

fc  x  ck 

a  formula  is  derived  for  the  determination  of  the  value  of  an 
impure  limestone  in  the  blast-furnace.  Let  V  represent  the 
value  of  a  pure  limestone,  and  V  the  value  of  an  impure  lime- 
stone, then, 

.306  AP  .306  MA 

V  =  V   (1— .028  A)     —     —     , 

fc  fc  x  ck 

which  may  be  condensed  into, 

.306    A  M 

V  =  V   (1— .028  A) (P )    . 

fc  ck 

The  average  analyses  of  Connellsville  coke  give  the  fixed 
carbon  as  86  per  cent.  (fc).  The  price  per  ton  is  about  $3  00 
(P),  and  in  the  Pittsburgh  furnaces  it  requires  about  one  ton 
cf  coke  to  one  ton  of  iron  (ck).  The  manufacturing  cost  per 
ton  of  iron  is  about  $1.25  (M).  Substituting  these  values  in 
the  above  formula  would  give, 

V  =  V    (1— .028  A   )  — .306  A  X  2. 

To  illustrate  the  application  of  this  formula,  the  Tyrone 
Limestone  contains  about  3  per  cent,  silica  and  alumina,  while 
the  Martinsburg  stone  runs  about  1  per  cent.  The  one  per 
cent,  stone  would  have  a  value  of, 

V"   —  V    (1  —  .0028)   —  .0612,  or  V    (.9360). 

The  three  per  cent,  limestone  would  have  a  value  of, 

V  V    (1  .0(184)   —    .1836,  or,  V    (.8080). 

If  a  value  of  60  cents  a  ton  be  placed  on  the  pure  lime- 
stone, then    the  difference  in   value   of   the  above  limestones 

would  be, 

,60  x  .9360  -  .60  x  .8080,  or  7.7  cents  a  Ion  in  Tavor  of  the  Mar- 
tlnsburg  limestone. 
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The  freight  rates  on  the  3  per  cent,  silica  stone  to  Pitts- 
burgh and  on  the  1  per  cent,  limestone  from  Martinsburg  are 
the  same,  65  cents  per  long  ton.  A  long  ton  of  3  per  cent, 
silica  stone  would  contain  67.2  pounds  of  silica,  and  a  long  ton 
of  1  per  cent,  silica  stone  would  contain  22.4  pounds  of  silica. 
The  weight  of  the  lime  carbonate  in  the  stone  is  1.6  times  that 
of  silica,  but  the  factor  of  conversion  of  the  carbonate  of  lime 
to  the  oxide  is  1.7,  so  that  the  relative  weights  of  lime  oxide 
and  silica  may  be  taken  as  equal  in  the  limestone. 

The  waste  amount  of  weight  due  to  both  the  silica  and 
the  lime  carbonate  necessary  to  flux  this  silica,  in  the  3  per 
cent,  silica  limestone  would  be  134.4  pounds  to  the  long  ton ; 
and  in  the  1  per  cent,  silica  stone,  44.8  pounds.  The!, freight 
rate  of  65  cents  a  ton  (2240  pounds)  would  be  .029  cents  a 
pound.  In  the  3  per  cent,  silica  stone,  the  freight  on  the  waste 
portions  of  the  limestone  would  be  3.9  cents  a  ton ;  and  in  the 
1  per  cent,  silica  stone,  1.3  cents  a  ton,  or  a  difference  in  favor 
of  the  low  silica  limestone  of  2.6  cents  a  ton. 

The  difference  in  actual  working  value  of  the  low  silica 
limestone  and  the  higher  silica  stone  as  determined  above  was 
7.7  cents  a  ton,  and  the  saving  in  freight  on  the  low  silica  stone 
is  2.6  cents,  so  that  the  Martinsburg  one  per  cent,  silica  lime- 
stone is  worth  to  the  Pittsburgh  blast-furnaces  10.3  cents  a 
ton  more  than  the  Tyrone  district  3  per  cent,  stone  now  so 
largely  used  in  that  iron  district. 

Many  furnace  managers  pay  little  or  no  attention  to  the 
relative  value  of  these  limestones  and  regard  a  stone  that  can 
be  bought  for  40  cents  a  ton  as  10  cents  cheaper  than  one  at 
50  cents.  Most  of  the  larger  furnaces  now  insist  on  quality 
in  stone  and  demand  a  low  silica.  On  basis  of  values  the 
above  figures  show  that  if  the  3  per  cent,  silica  stone  in  Penn- 
sylvania is  bought  at  50  cents  a  ton,  the  Martinsburg  low  silica 
stone  is  worth  60  cents. 

The  influence  of  magnesia  in  the  limestone  on  its  fluxing 
value  is  a  disputed  subject  among  iron  engineers.  It  is 
claimed  by  some  that  it  has  little  or  no  value  in  the  removal 
of  sulphur  from  the  ore.  It,  however,  has  the  same  property 
as  lime  in  combining  with  the  silica  of  the  ore  but  to  slightly 
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less  degree.  The  proportion  of  magnesium  carbonate  in  the 
limestones  now  used  in  the  Pittsburgh  district  is  so  small  that 
its  effects  need  not  be  considered. 

Limestone  vs.  Lime  Oxide  as  Flux. 

In  this  country  it  is  almost  the  universal  practice  to  use 
raw  limestone  rather  than  calcined  stone.  Theoretically  the 
calcined  rock  would  be  better,  but  practical  tests  show  but 
little  advantage  and  many  disadvantages.  There  appears  to 
be  no  question  that  the  use  of  raw  stone  involves  a  large  fuel 
loss  which  is  at  present  impossible  to  offset. 

In  the  use  of  limestone  the  carbonic  acid  gas  of  the  stone 
is  expelled  at  full  red  heat,  but  at  this  temperature  the  s:as 
acts  on  the  coke,  so  that  each  pound  of  carbon  in  the  lime- 
stone absorbs  a  pound  of  carbon  from  the  coke  and  carries  it 
off  in  the  gases.  If  1,500  pounds  of  limestone  are  used  for  a 
ton  of  pig  iron,  the  stone  will  contain  180  pounds  of  carbon 
and  will  remove  180  pounds  of  carbon  from  the  fuel,  or  about 
220  pounds  of  coke. 

Calcining  the  limestone  before  use  in  the  furnace  to 
avoid  this  loss  of  fuel  has  proved  a  failure,  according  to 
Campbell,  because  lime  oxide  has  a  greater  affinity  for  car- 
tonic  acid  at  a  temperature  below  red  heat.  The  calcined 
limestone  is  charged  into  the  furnace  at  a  temperature  below 
red  heat  in  an  atmosphere  containing  carbonic  acid  which  is 
always  present  in  the  furnace.  The  limestone  oxide  takes 
again  its  content  of  this  gas  and  is  changed  back  to  lime  car- 
bonate, the  result  being  the  same  as  though  raw  limestone 
had  been  used. 

It  is  also  found  to  be  impossible  to  expel  practically  all 
the  carbonic  acid  in  calcining  limestone.  Campbell  further 
states  that  in  the  American  practice  of  furnace  use,  such  a 
strong  blast  is  employed  that  much  of  the  finely  divided  cal- 
cined lime  would  be  carried  away  with  the  gases,  overcoming 
any  advantage  in  fuel  saving. 
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Open-Hearth  Steel  Limestone. 

Until  the  year  1890  practically  all  the  steel  in  this  coun- 
try was  made  by  the  Bessemer  process.  In  1890,  two-thirds 
of  the  steel  was  made  in  Bessemer  converters,  and  one-third 
by  the  open-hearth  process ;  while  in  1907,  the  distribution 
was  half  and  half,  and  since  that  date  most  of  the  steel  has 
been  made  in  open-hearth  furnaces. 

The  Bessemer  converter  is  a  steel  vessel  somewhat  barrel- 
shaped  and  lined  with  refractory  material  to  withstand  the 
high  temperature,  the  intense  chemical  action,  and  wear  and 
tear  of  the  operation.  It  is  open  at  one  end  through  which  it 
is  charged  and  discharged,  while  at  the  other  end  are  numer- 
ous openings  or  tuyeres  through  which  passes  the  strong  air- 
blast.  Their  capacity  ranges  from  5  to  20  tons,  and  no  lime- 
stone is  used  in  the  process. 

The  Open-Hearth  Process,  according  to  Campbell,  refers 
to  the  melting  of  pig  iron  with  more  or  less  wrought  iron, 
steel,  or  similar  iron  scrap,  and  limestone,  by  exposure  on  a 
hearth  to  the  direct  action  of  the  flame  in  a  regenerative  gas 
furnace,  and  converting  the  resultant  bath  into  steel,  the  oper- 
ation being  so  conducted  that  the  final  product  is  entirely 
fluid. 

According  to  Stoughton,  the  standard  size  of  open-hearth 
furnace  holds  50  tons,  and  such  a  furnace  has  an  inside  length 
of  30  to  35  feet,  width  of  12  to  15  feet,  and  maximum  depth  of 
2  feet. 

In  the  acid  open-hearth  furnace  the  lining  of  the  hearth 
is  a  silica  brick,  and  can  not  be  used  where  the  charge  con- 
tains sulphur  or  phosphorus  as  these  impurities  would  not  be 
removed.  About  one  million  tons  of  acid  open-hearth  steel 
is  made  in  this  country  as  compared  with  about  16  million 
tons  of  basic  open-hearth  steel. 

In  the  basic  open-hearth  furnace,  the  lining  of  the  hearth 
is  dolomite  (magnesium  limestone),  magnesite,  or  other  basic 
material,  and  most  furnaces  use  the  dolomite.  Like  the  acid 
process,  the  iron  is  melted  and  the  silicon  and  carbon  oxidized 
and  partially  removed,  but  the  basic  process  in  addition  re- 
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moves  the  sulphur  and  phosphorus  by  use  of  lime  or  lime- 
stone which  is  added  to  the  charge. 

The  use  of  limestone,  according  to  Campbell,  has  an 
advantage  over  lime,  in  the  carbonic  dioxide  gas  bubbling  up 
through  the  mass,  thus  keeping"  up  a  motion  favorable  to 
chemical  action,  and  also  the  carbonic  dioxide  aids  in  the  oxi- 
dation of  the  phosphorus,  carbon,  silicon,  and  iron.  The 
phosphorus  unites  with  the  lime,  forming  phosphate  which 
enters  the  slag  and  is  so  removed.  It  requires  in  this  process 
180  to  200  pounds  of  high-grade  limestone  to  the  ton  of  steel, 
and  the  stone  is  preferred  under  one  per  cent,  silica.  In  1911 
there  were  produced  in  the  territory  reached  from  Martinsburg 
under  reasonable  freight  rate,  8,369,050  tons  of  open-hearth 
steel,  which  would  require  nearly  840,000  tons  of  high-grade 
limestone.  Specifications  for  open-hearth  steel  limestone 
usually  call  for  1  per  cent,  or  less  silica,  not  over  4  per  cent, 
magnesia,  and  alumina  under  2  per  cent. 

High-Grade  Limestone  Supply. 

It  has  been  shown  that  low  silica  and  low  magnesia  lime- 
stone is  essential  in  the  manufacture  of  open-hearth  steel,  and 
that  it  is  superior  to  high  silica  stone  in  the  blast-furnace  econ- 
omy. The  following  table  from  the  records  of  the  American 
Iron  and  Steel  Association  shows  the  consumption  of  gross 
tons  of  limestone  in  1911  in  the  territory  that  can  be  reached 
under  permissible  freight  rates  from  Martinsburg : 

Blast-Furnace.     Open-Hearth. 
Allegheny  County   (Pittsburgh)... 

Shenango   Valley 

Western    Pennsylvania 

Harrisburg,  Baltimore,  Wheeling.. 
Mahoning  V.'illey  ( Voungstown,  etc.) 


2,656,811 
643,779 
670,142 
322,905 

498,400 
41,947 

181,962 
73,626 
41,326 

4,293,637 

837,261 

A  total  consumption  in  1911  of  5,130,898  long  ions  oi 
limestone.  The  only  source  of  the  low  silica  stone  lor  this 
territory  outside  of  the  small  Annville,  Pennsylvania,  quarry 
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and  the  larger  Bellefonte  quarry,  is  the  Martinsburg  district. 
Most  of  the  blast-furnace  stone  now  used  in  the  Pennsylvania 
districts  comes  from  the  Tyrone  area,  where  it  has  the  fol- 
lowing composition  as  compared  with  that  at  New  Castle, 
Pa.,  and  the  Martinsburg  limestone : 

Tyrone.     New  Castle.     Martinsburg 

Lime   oxide 50.0  53.22  54.50 

Magnesium  oxide 2.0  0.61  0.85 

Iron  oxide J  0  0.72 

Alumina  oxide \       '  0.13 

Phosphorus    0.007  0.025  0.005 

SILICA.. 3.82  2.50  0.75 

In  the  crushing  of  limestone  for  furnace  flux,  and  screen- 
ing to  proper  size,  there  is  left  a  certain  percentage  of  smaller 
sizes  or  screenings  which  by  proper  treatment  have  double  or 
even  triple  the  value  per  ton  for  certain  purposes,  over  the 
fluxing  stone.  Especially  is  this  true  in  the  case  of  low  silica 
limestone.  The  resultant  by-products  will  be  described  in  the 
following  paragraphs. 

GLASS  MANUFACTURE. 

Glass  is  made  from  a  fused  mixture  of  lime,  sand  or  silica, 
and  sodium  carbonate  (soda-ash)  ;  or  in  window-  and  bottle- 
glass,  the  carbonate  is  replaced  by  sodium  sulphate  (salt- 
cake). 

Lime  is  used  in  most  plants  in  the  form  of  finely  ground 
limestone,  but  a  number  of  companies  use  the  burned  lime- 
stone or  lime  oxide,  or  the  lime  hydrate.  The  oxide  and 
hydrate  of  lime  absorb  water  or  carbonic  dioxide  or  both  from 
the  air,  changing  in  composition  and  weight,  which  is  very 
apt  to  give  trouble  in  mixing  in  correct  and  uniform  propor- 
tions. For  these  reasons  most  plants  now  prefer  the  unburned 
limestone. 

The  limestone  for  glass  manufacture  must  be  as  nearly 
pure  as  possible.  Any  iron  impurity  has  a  tendency  to  color 
the  glass  green  or  brown,  objectionable  where  a  clear  color 
is  required.     Magnesia  tends  to  make  the  mixture  more  in- 
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fusible.     The  limestone  should  run  under  one-half  of  one  per 
cent.  iron. 

The  following  analysis  shows  the  composition  of  the 
limestone  used  in  the  Pittsburgh  plate  glass  manufacture: 

Fer  cent. 

Lime    carbonate VI  .23 

Magnesium    oxide 1.48 

Iron  oxide 0.16 

Alumina  oxide 0 .  02 

Silica    1 .01 

In  the  manufacture  of  window-glass  in  a  mixture  of  100 
pounds  of  sand,  36  pounds  of  salt-cake  are  used  and  36  pounds 
of  lime  oxide,  or  if  crushed  limestone  is  used,  65  pounds. 

Available  Market  for  Glass  Limestone. 

The  glass  works  of  West  Virginia  are  located  in  the  gas 
belt  of  the  State  with  large  plants  at  Grafton,  Moundsville, 
Yv'heeling,  Clarksburg,  Weston,  Buckhannon,  Fairmont,  Mor- 
gantown,  Salem,  Parkersburg,  and  other  cities  and  towns. 
One  of  the  great  centers  is  in  the  Pittsburgh  district,  while 
other  plants  are  located  at  Cumberland  and  Baltimore. 

No  accurate  statistics  are  available  as  to  the  amount  of 
lime  and  limestone  used  in  these  glass  plants,  but  it  is  pos- 
sible to  approximate  this  demand  in  another  way.  West 
Virginia  produces  about  240,000  tons  of  glass-sand  shipped  to 
the  different  plants.  It  is  reasonable  to  infer  that  freight  rates 
would  permit  the  Martinsburg  limestone  to  be  shipped  to 
points  where  this  sand  is  used,  especially  as  most  of  this  sand 
comes  from  Berkeley  Springs  in  the  adjoining  county.  The 
glass  works  use  a  little  over  half  as  much  limestone  as  sand 
in  their  manufacture,  so  there  would  be  a  demand  for  at  least 
125,000  tons  of  limestone  a  year.  In  addition,  Pennsylvania 
•lis  works  can  be  reached  which  arc  supplied  with  Pennsyl- 
vania glass-sand.  The  glass-sand  production  in  thai  .Slate  is 
about  440,000  tons  a  year.  The  demand  Tor  limestone  a1  glass 
plants  within  the  possible  freighl  shipping  territory  of  Mar- 
tinsburg can  not  be  far  from  250,000  tons  a  year,    din-  selling 
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price  of  this  limestone  crushed  to  about  the  size  of  fine  gravel 
or  coarse  sand  for  glass  manufacture  has  been  for  some  years 
$1.25  a  ton  on  board  cars  in  Martinsburg.  This  glass  lime- 
stone is  loaded  in  bulk  in  box  cars. 

ASPHALT  PAVING. 

A  considerable  quantity  of  limestone  crushed  to  pass  a 
100-mesh  screen,  or  in  the  form  of  a  fine  flour  is  used  in  the 
surface  coat  of  asphalt  pavements.  It  requires  about  105 
pounds  of  this  flour  to  22  square  feet  of  paving.  This  material 
is  shipped  in  sacks  and  sold  at  the  mill  for  $2.00  a  ton  plus  the 
cost  of  sacks  which  is  refunded  on  return  of  bags  in  good  con- 
dition. During  the  paving  season  in  Washington  City,  the 
Cranford  Paving  Company,  a  division  of  the  Barber  Asphalt 
Company,  used  about  25  tons  a  month.  The  Brennan  Paving 
Company  used  about  50  tons  a  month,  and  their  material 
comes  from  Martinsburg  as  does  that  used  by  the  Cranford, 
Company. 

INGREDIENT  IN  COMMERCIAL  FERTILIZERS. 

In  and  near  Baltimore,  there  are  35  fertilizer  plants,  and 
probably  twelve  of  these  manufacture  commercial  fertilizers, 
the  others  being  distributing  plants.  Limestone  crushed  to 
pass  a  50-mesh  screen  and  loaded  direct  in  box  cars  is  used  at 
these  plants  to  a  small  extent  as  a  filler.  A  large  amount  is 
used  in  the  process  of  manufacture  of  these  fertilizers  from 
phosphate  rock.  Phosphate  rock  as  it  comes  from  the  south- 
ern mines  is  insoluble  and  if  spread  over  the  land  would  be 
of  little  or  no  benefit  because  it  does  not  go  into  solution  and 
the  phosphorus  would  not  be  available  for  plant  food.  This 
insoluble  rock  phosphate  at  the  fertilizer  works  is  treated  with 
sulphuric  acid  whereby  it  is  converted  into  the  super-phos- 
phate, a  soluble  compound.  The  excess  of  acid  in  this  product 
would  be  injurious  to  growing  vegetation  and  must  be  re- 
moved at  the  works.  This  is  done  by  adding  ground  lime- 
stone which  takes  up  the  acid  forming  a  lime  sulphate.     The 
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limestone  used  should  be  as  nearly  pure  as  possible  and  should 
be  especially  low  in  iron  and  silica.  The  Martinsburg  lime- 
stone has  a  high  reputation  for  this  work.  The  total  demand 
in  the  Baltimore  market  is  about  8,000  tons  a  year  and  it  is 
sold  at  Baltimore  for  $2.25  a  ton.  The  freight  rate  from 
Martinsburg  to  Baltimore  is  60  cents,  making  the  net  price  at 
the  quarry  $1.65  a  ton. 

Minor  uses  of  ground  limestone  are  in  manufacture  of 
carbonic  acid  gas  used  in  charging  soda  water,  mineral  waters, 
etc.  Also  it  is  used  in  the  manufacture  of  soda-ash  by  the 
Solvay  process,  and  in  the  manufacture  of  certain  chemicals. 

LIMESTONE  FOR  LAND  FERTILIZER. 

Lime  and  limestone  are  used  on  farm  lands  not  to  fur- 
nish direct  food  for  plants,  but  on  account  of  the  physical  and 
chemical  effects  on  the  soils.  They  have  a  very  important 
physical  effect  on  the  texture  of  soils  in  two  opposite  ways. 
By  their  use  on  a  stiff  compact  clay  soil,  it  is  made  more  open 
in  texture ;  while  on  an  open  loose  soil,  as  in  sandy  soils,  the 
lime  or  limestone  causes  a  gathering  together  or  flocculation 
of  the  soil  particles,  rendering  the  soil  more  compact. 

The  great  value  of  this  material,  however,  is  in  the 
chemical  action  on  worn-out  lands,  or  on  soils  which  have  de- 
creased in  fertility.  Soils  long  used  without  fertilizer  or 
where  too  much  acid  phosphate  fertilizers  have  been  used, 
become  acid  in  reaction,  or  are  termed  "sour  lands".  The 
lime  or  limestone  counteracts  this  condition.  In  past  years 
lime  was  used,  but  investigations  by  agricultural  chemists  in 
the  various  State  Experimental  Stations  show  that  limestone 
is  equally  good  if  not  better.  It  requires  more  limestone  per 
acre  than  lime,  but  the  price  being  lower,  the  cost  is  no 
gTcatcr.  It  is  also  found  that  the  lime  in  many  cases  is 
injurious  to  the  small  rootlets  of  growing  plants  through  its 
burning  or  caustic  energy. 

The  use  of  limestone  as  a  fertilizer  is  rapidly  increasing 
in  many  Stai  <    ,  like  (  )hio,  [llinois,  Maryland,  and  a  number  oi 
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the  southern  States.  In  West  Virginia  up  Lo  the  past  few 
years  not  much  lime  has  been  used  as  fertilizer  except  near  a 
few  lime  centers,  but  now  the  use  is  increasing.  Not  many 
farmers  as  yet  use  the  ground  limestone  and  the  State  Experi- 
ment Station  appears  to  advocate  the  use  of  lime  rather  than 
limestone.  The  experience  in  other  States  seems  to  be  in 
favor  of  the  limestone.  Many  of  the  soils  of  this  State  are 
found  on  chemical  examination  to  be  acid,  and  the  farmers, 
are  beginning  to  appreciate  the  value  of  lime  fertilizer.  Small 
plants  back  in  the  country  have  been  unable  to  supply  the 
local  demand. 

In  equivalent  value  on  soils  500  pounds  of  ground  lime 
are  equal  to  950  pounds  of  lime  hydrate,  or  to  1,200  pounds 
of  ground  limestone.  This  is  the  quantity  used  per  acre  on 
moderately  acid  soils.  The  West  Virginia  Experiment  Sta- 
tion recommends  for  acid  soils  in  this  State  1,500  to  2,000 
pounds  of  burnt  lime  to  the  acre,  or  3,000  to  4,000  pounds  of 
ground  limestone. 

As  to  the  value  and  results  of  the  use  of  limestone  on 
soils,  the  University  of  Illinois  Experiment  Station  found  on 
sixteen  trials  using  a  mixture  of  one  ton  of  rock  phosphate 
fertilizer  and  two  tons  of  ground  limestone  to  the  acre,  there 
was  an  increase  in  hay  from  1.7  to  2.87  tons  per  acre  or  an 
average  increase  of  65  per  cent.  On  six  fields  of  grain,  the 
increase  was  1.25  tons.  As  soon  as  the  farmers  in  this  State 
realize  that  such  increase  in  crops  is  possible  by  the  use  of 
ground  limestone,  there  will  be  a  large  market  open  for  this 
product.  For  this  use,  the  limestone  is  ground  to  the  size  of 
coarse  corn  meal  and  is  sold  at  the  plant  at  $1.00  to  $1.25 
a  ton. 

Limestone  in  a  pulverized  condition  is  acted  upon  by 
nitric  acid  formed  by  decaying  vegetable  matter,  and  produces 
lime  nitrate.  The  nitrogen  so  essential  to  plant  growth  is  thus 
preserved  in  the  soil  and  given  up  slowly  to  the  growing 
plants.  Limestone  also  aids  in  the  formation  of  the  brown 
humus  or  vegetable  matter  found  in  all  fertile  soils.  In  these 
two  respects  it  is  far  superior  to  the  burned  lime. 
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Freight  Rates  on  Ground  Limestone. 

The  following  rates  for  freight  per  ton  (2240  pounds) 
apply  on  ground  limestone  from  Martinsburg  to  the  following 
points : 

Baltimore,    Md $0.60         Morgantown,  W.  Va $120 

Buckhannon,  W.  Va 1.50         Parkersburg,  W.  Va 1.50 

Clarksburg,  W.  Va 1.20         Philadelphia,   Pa 0.75 

Cumberland,  Md 0.60         Pittsburgh,  Pa 1.20 

Curtis    Bay,    Md 0.60         Uniontown,   Pa 1.20 

Myersdale,    Pa 1.00         Washington,  D.   C 0.60 

Newark,  Del 0.75         Wheeling,  W.  Va 1.50 

Shipments  of  ground  limestone  are  now  made  from 
Martinsburg  to  all  of  these  places,  and  they  may  be  consid- 
ered as  within  the  possible  freight  shipping  territory.  The 
above  cities  are  selected  to  show  the  range  of  this  possible 
territory. 

DOLOMITE. 

A  dolomite  is  a  magnesian  limestone  in  which  a  greater 
or  smaller  amount  of  lime  carbonate  is  replaced  by  magnesium 
carbonate.  A  typical  dolomite  contains  54.3  per  cent,  lime  car- 
bonate and  45.7  per  cent,  magnesium  carbonate.  Limestones 
which  contain  30  per  cent,  or  more  magnesium  carbonate  are 
usually  termed  dolomites,  though  it  would  be  more  correct  to 
call  such  rocks  dolomitic  limestones.  Limestones  with  less 
than  30  per  cent,  magnesium  carbonate  and  over  8  to  10  per 
cent,  arc  called  magnesian  limestones. 

Uses  of  Dolomites. — In  the  basic  Bessemer  and  the  basic 
open-hearth  steel  furnaces,  the  bottom  of  the  furnace  must  be 
basic,  and  it  is  made  usually  of  dolomite  or  magnesian  lime- 
stone. While  the  dolomite  rock  is  sometimes  used  in  its 
natural  state,  it  is  regarded  as  better  practice  to  calcine  the' 
stone,  grind  it,  and  then  mix  with  coal  tar.  In  the  basic 
Bessemer  process  the  vessel  is  lined  with  this  mixture.  The 
dolomite  should  be  low  in  silica  and  carry  a  high  percentage 
of  magnesia. 
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Magnesian  limestones  are  burned  into  lime  which  has  the 
properties  of  slow  setting,  and  generate  a  low  temperature  on 
hydration.  They  are  also  available  for  ballast  and  for  road 
material. 

For  certain  furnace  processes  a  double-roasted  dolomite 
is  required.  The  stone  is  burned  at  high  temperature  in  the 
ordinary  kilns  and  then  burned  to  a  clinker  in  a  rotary  kiln. 
In  this  area,  the  clinkered  dolomite  is  produced  by  very  high 
temperature  in  ordinary  kilns,  which  is  a  difficult  operation 
on  account  of  the  fire-brick  linings  fusing  more  or  less  under 
the  high  temperature  required.  This  double-roasted  dolomite 
is  now  produced  near  Millville  at  the  Blair  plant,  and  at 
Martinsburg  at  the  Standard  kilns  from  dolomite  shipped 
from  Millville. 

Dolomites  and  dolomitic  limestones  are  wide-spread  and 
are  found  in  many  localities,  but  low  silica  dolomites  are 
limited,  and  one  of  the  most  important  deposits  in  the  country 
is  found  in  Jefferson  County,  where  dolomites  of  almost 
theoretical  purity  occur  around  Millville  and  are  there  exten- 
sively quarried.  The  composition  of  these  Millville  dolomites 
is  shown  in  the  following  analyses  made  in  the  Survey  labora- 
tory, except  those  from  the  Blair  quarry : 

Standard  Quarry.     Harpers  Ferry     Theoretical 
1905 

Lime  carbonate 55.72     55.00 

Magnesium  carbonate. 43. 18     45.00 

Iron  and  alumina 0.89       0.41 

Silica    0.05       0.40 

Sulphur    none      none 

Phosphorus     0.01 

In  1915,  a  number  of  samples  were  again  taken  from 
these  quarries  and  from  an  old  abandoned  quarry  to  the  enst 
with  the  following  results  on  analysis  in  the  Survey  labora- 
tory : 


Lime 

Co. 

Composition. 

55 .  00 

54.00 

54.30 

45.00 

46.00 

45.70 

0.57 

0.47 

O.30 

0.30 

none 

none 

Quarry  to  east 

Baker,  old 

Baker,  working 

quarry. 

quarries. 

193         194 

195         196 

197         198         199 

Lime    carbonate 78.00     83.30 

53.56     54.08 

54.43     54.29     54.11 

Magnesium  carbonate  7.93     11.36 

43.89     45.03 

44.26     44.69     43.96 

Iron  and   alumina....  2.60      1.31 

0.89       0.33 

0.61       0.45       0.40 

Silica    9.60       3.96 

1.05       0.48 

0.43       0.38       0.53 
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No.  193  is  from  the  east  wall  of  this  old  quarry  and  194 
from  west  wall.  No.  195  is  from  the  east  wall  of  the  old 
quarry  of  the  Standard  Limestone  Company  and  No.  196  at 
the  north  end  of  this  quarry.  No.  197  is  in  the  next  quarry 
north  which  was  not  worked  in  1915.  No.  198  is  from  the 
deepest  ledges  yet  worked  and  where  a  large  portion  of  the 
1915  output  was  obtained.  No.  199  is  at  the  extreme  north 
end  of  the  quarry  openings  and  on  the  west  wall. 

The  Blair  dolomite  quarry  is  west  of  Millville  and  one 
mile  west  of  the  above  quarries  of  the  Standard  Company. 
The  composition  of  the  dolomite  is  shown  by  the  following 
analyses : 

Lime  carbonate 54.32  54.33  53.92  53.72  54.40 

Magnesium  carbonate 44.48  45.16  44.60  45.35  45.75 

Iron  and  alumina 0.94  0.60  1.14  0.90  0.16 

Silica     0.82  0.32  0.60  0.40  0.16 

The  analyses  show  the  high  quality  of  the  Millville 
dolomites  with  their  exceptionally  low  silica  percentage. 
There  appear  to  be  two  main  belts  of  dolomite,  one  to  the  east 
of  Millville  which  includes  the  quarries  of  the  Standard  Lime 
and  Stone  Company,  and  the  Harpers  Ferry  Lime  Company, 
across  the  river;  and  one  to  the  west  of  Millville,  at  the  Blair 
quarry,  which  can  not  be  traced  very  far  to  the  north  or  south. 

The  east  belt  extends  south  to  the  Harpers  Ferry  Lime 
quarry  and  north  to  the  Potomac  River.  Two  and  a  fourth 
miles  north  of  the  Standard  quarries  at  Millville,  the  dolomite 
belt  is  300  to  325  feet  wide.  Samples  were  taken  at  this  place 
and  showed  the  same  low  silica  dolomite.  The  third  sample 
was  taken  near  the  edge  of  the  belt  where  silica  increases  in 
amount. 

Analyses  of  Dolomite  near  Dupuy  Mill  on  the  Potomac. 

Lime    carbonat  e 54 .  90 

Magnesium   carbonate 44.57 

[ron  and  alumina 0.36 

Silica    0.18 


54.28 

53.82 

44.25 

41.88 

0.79 

1.64 

0.68 

2.66 
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A  belt  of  dolomite  extends  south  of  Millville  to  the  Keys 
Ferry  road  on  and  near  the  Wetzel  farm.  The  dolomites  were 
sampled  and  analyzed  in  the  Survey  laboratory,  as  follows : 

D-1.  D-2.  D-3.  D-4.  D-5.  D-6. 

Lime    carbonate 53.78  66.53  54.70  55.20  54.27  55.63 

Magnesium  carbonate 42.63  31.77  43.58  43.47  44.00  43.36 

Iron  and  alumina 1.39  0.55  0.90  0.60       0.66  0.42 

Silica     0.27  0.30  0.61  0.46  1.01  0.30 

D-7.  D-8.  D-9.  D-10.  D-11.  D-12. 

Lime    carbonate 53.98  63.39  53.68  63.02  61.94  54.00 

Magnesium  carbonate 44.10  34.83  41.13  32.29  32.73  44.27 

Iron   and    alumina 0.33  0.54  2.34  1.55  0.70  0.90 

Silica ' 0.60  0.78  2.23  2.95  3.72  0.76 

D-13.  D-14.  D-15.  D-1 6.  D-17.  D-18 

Lime  carbonate 53.84  55.34  55.20  53.30  62.95  54.38 

Magnesium  carbonate 43.19  43.58  43.00  43.50  36.14  44.72 

Iron  and  alumina 0.33  0.70  0.55  0.26  0.29  0.60 

Silica    2.54  0.37  0.81  3.04  0.54  0.68 

D-1 9.  D-20.  D-21.  D-22.  D-23.  D-24. 

Lime    carbonate 54.48  55.41  57.50  61.24  61.52  57.41 

Magnesium  carbonate 40 .  72  42 . 33  41 .  42  34.36  35 .  32  40 .  46 

Iron  and  alumina 3.35  1.80  0.66  0.85  0.38  0.35 

Silica    1.08  1.02  0.35  2.24  1.45  1.11 

The  above  samples  were  taken  over  an  area  of  one-fourth 
to  one-half  mile  west  of  the  river  and  over  a  length  of  a  half 
mile  north  and  south.  The  higher  silica  dolomites  (9,  10,  11, 
13  and  16)  were  on  the  east  _ide  of  the  low  silica  belt,  while 
samples  22,  23  and  24  were  taken  near  road  to  Halltown, 
three-fourths  mile  north  of  Keys  Ferry  road. 

Dolomites  are  found  through  the  Beekmantown  Lime- 
stone Formation,  but  run  high  in  silica.  They  would  be 
available  for  the  manufacture  of  magnesian  limes.  They  are 
usually  bluish-gray  in  color,  and  in  some  ledges  grayish- 
white,  having  a  granular  surface  on  fracture. 

The  following  analyses  are  of  Beekmantown  dolomites 
from  the  National  Limestone  Company's  lands  south  of 
Martinsburg  near  the  plant  (181)  and  southeast  of  plant 
(A  and  B).  No.  10  is  from  the  small  quarry  on  the  Potomac 
River  west  of  the  Pittsburgh  Limestone  Company's  quarries. 
Nos.  167  and  168  are  from  the  area  east  of  Opequon  between 
the  two  low  silica  limestone  belts  on  the  Blair  property : 
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A               B  No.  10  No.  167  No.  168  No.  181 

Lime    carbonate 53.53  52.64  60.44  59.36  58.47  52.32 

Magnesium  carbonate.. 35. 82  41.71  37.60  36.08  37.50  40.42 

Iron  and  alumina 1.30  1.25  0.18  0.91  0.92  1.35 

Silica    5.90  3.90  1.83  4.43  3.85  5.63 

Stones  River  Dolomites. 

Below  the  low  silica  ledges  of  the  Stones  River,  in  the 
Middle  and  Lower  divisions  of  this  formation,  are  dolomites 
with  a  high  percentage  of  magnesium  carbonate,  but  they 
are  usually  high  in  silica.  The  change  in  the  strata  from  the 
low  silica  limestone  to  the  higher  magnesian  rock  is  quite 
sharp,  and  the  line  between  them  can  be  drawn  readily  in  the 
field.  To  illustrate  the  change  between  the  Lower  and  Middle 
Stones  River,  two  analyses  are  given  below,  one  (No.  4)  is 
of  a  sample  taken  just  above  this  line,  and  the  other  (No.  5), 
came  from  below  the  line.  The  two  samples  were  taken  about 
six  feet  apart  at  the  eastern  end  of  the  Pittsburgh  limestone 
Company's  quarry. 

Analysis  No.  3  is  of  a  dolomite  ledge  15  feet  below  this 
line,  while  No.  6  sample  was  taken  75  feet  below  this  line  and 
shows  a  considerable  increase  in  silica.  These  dolomites  vary 
in  silica  in  the  different  ledges,  and  it  would  require  most 
careful  selection  to  secure  low  silica  stone  in  any  quantity: 

No.  4.  No.  5.  No.  3.  No.  6. 

Lime  carbonate 98 .  25  58.65  59.85  52 .  44 

Magnesium  carbonate 0 .  77  37.67  38 .  23  39 .  87 

Iron  and    alumina trace  1.05  0.52  0.53 

Silica    1.10  2.50  1.53  6.98 

100.12   99.87  100.13   99.82 

The  mixture  of  these  dolomites  would  probably  make  a 
very  good  grade  of  magnesian  lime  which  would  be  slow  set- 
ting, and  should  make  a  hydrate  that  would  compete  with  the 
Ohio  magnesian  lime  hydrate  now  so  popular  in  the  eastern 
markets.  Nearly  all  the  dolomites  in  the  Martinsburg  district 
are  too  high  in  silica  for  use  in  the  basic  steel  manufacture. 
IhiI  here  and  there  occur  ledges  comparatively  low  in  silica 
like   the  above.     These  dolomites  are'  less  valuable  than   those 
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of  Millville,  where  the  silica  is  under  one  per  cent.  The  dolo- 
mites are  found  in  both  the  Lower  and  Middle  divisions  of 
the  Stones  River,  but  no  use  is  made  of  them  at  the  present 
time. 

Origin  of  Dolomite. 

The  origin  of  these  highly  magnesian  limestones  has 
been  -a  subject  of  investigation  and  study  for  a  very  long 
time  and  various  theories  have  been  advanced.  One  of  the 
first  theories  advanced  was  that  the  dolomite  was  formed 
from  magnesian  vapors  that  escaped  from  the  interior  of  the 
earth  through  fissures,  but  this  theory  has  long  been  aban- 
doned. 

A  second  theory  has  been  advanced  by  some  very  abie 
scientists  of  modern  times,  which  regards  magnesian  rocks  as 
chemical  precipitates  from  old  oceans,  the  lime  and  magnesia 
being  deposited  at  the  same  time,  forming  the  double  com- 
pound of  lime  and  magnesium  carbonates.  Bischof  by  experi- 
ments with  saturated  solutions  of  lime  and  magnesia  found 
that  the  lime  carbonate  was  largely  precipitated  before  any 
quantity  of  the  magnesium  carbonate  was  thrown  down,  so 
the  natural  order  would  be  separate  layers  of  lime  and  mag- 
nesium carbonates  rather  than  a  mixture  of  the  two. 

The  third  and  generally  accepted  theory  of  origin  of 
magnesian  limestones  is  that  of  replacement  of  the  lime 
carbonate  by  the  magnesium  carbonate  particle  by  particle. 
This  change  may  have  taken  place  in  the  original  sediments, 
or  after  these  sediments  were  consolidated  into  rock. 

A  fourth  theory  is  that  certain  kinds  of  marine  animals 
and  plants  secrete  magnesium  carbonate  in  large  quantities, 
and  their  remains  probably  formed  the  source  of  the  dolomites. 

Blackwelder  (Bull.  Geol.  Soc.  Amer,  Vol.  24,  p.  624)  has 
suggested  that  the  dolomites  owe  their  origin  to  "the  almost 
simultaneous  interaction  of  the  bottom  layers  of  sea  water 
charged  with  magnesian  salts,  on  shells,  skeletons,  and  other 
particles  of  calcite  and  aragonite,  accumulating  as  loose  sedi- 
ments on  the  sea-floor."    In  other  words,  the  replacement  took 
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place  in  the  sediments  before  their  consolidation   into  solid 
rock. 

Daly  (Bull.  Geol.  Soc.  Amer.,  Vol.  20,  pp.  153-170)  from 
a  study  of  a  large  number  of  analyses  of  limestones  found  a 
close  agreement  in  the  ratio  of  lime  to  magnesium  in  the  pre- 
Devonian  limestones  with  the  ratio  of  these  elements  in 
typical  modern  rivers  and  reached  the  conclusion,  "that  all 
the  pre-Devonian  river-borne  calcium  and  magnesium  were 
precipitated  on  the  sea-floor.  The  ultimate  products  are  dolo- 
mites and  magnesian  limestones  as  well  as  more  purely  cal- 
careous limestones." 

Daly  further  found  that  the  lime — magnesium  ratio  in- 
creases from  an  average  of  3.35  to  1  in  the  pre-Devonian  to 
6.29  to  1  in  the  Devonian  limestones.  In  the  Carboniferous 
the  ratio  is  12.45  to  1,  and  in  the  Cretaceous  56.32  to  1. 
There  is  thus  a  marked  increase  in  lime  content  and  decrease 
in  magnesia  from  the  earlier  formation  to  the  later.  The  ratio 
in  44  existing  rivers  he  found  to  be  4.18  to  1  and  in  the 
Mississippi  River  is  3.92  to  1,  a  very  close  agreement  with  the 
pre-Devonian  ratios. 

These  results  are  very  suggestive  when  compared  with 
the  composition  of  the  Cambro-Silurian  Limestones  of  Berke- 
ley and  Jefferson  Counties.  Here  the  lower  formations  are 
highly  magnesian  often  pure  dolomites,  while  above  come  less 
magnesian  limestones  until  the  Stones  River  exceptionally 
pure  carbonate  rock  is  reached.  This  relation  would  suggest 
that  in  the  old  ocean  in  which  the  lime  sediments  were  accumu- 
lating the  magnesium  was  deposited  along  with  the  lime,  result- 
ing in  a  decreasing  supply  of  magnesia  until  it  was  practically 
absent. 

Overlying  the  Stones  River,  the  Chambersburg  Limestone 
again  contains  a  higher  content  of  magnesia,  but  it  is  also 
higher  in  alumina  and  is  followed  by  the  clay  shales  of  the 
Martinsburg  division,  indicating  an  influx  of  muddy  sediments 
through  rivers  from  near-by  land  areas  and  a  renewed  supply 
of  chemical  elements. 

This  method  of  origin  should  result  in  a  gradual  decrease 
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in  magnesia  as  the  geological  divisions  of  the  Cambro-Silurian 
are  followed  upward.  The  same  stratum  formed  at  the  same 
time  would  be  fairly  uniform  in  its  percentage  of  magnesia, 
which  is  not  the  case.  A  given  stratum  varies  greatly  in  its 
composition  as  followed  from  section  to  section. 

Origin  of  the  West  Virginia  Dolomites. 

In  Volume  III  of  the  West  Virginia  Geological  Survey, 
the  writer  outlined  a  theory  to  explain  the  origin  of  the  dolo- 
mites in  the  eastern  Panhandle  area  which  seems  to  account 
for  the  present  distribution  of  the  rocks,  and  which  is  here 
reprinted. 

In  these  counties  both  high  calcium  limestones  and  dolo- 
mites are  found  in  belts  trending  northeast-southwest  and 
which  are  usually  highly  tilted.  The  lines  of  contact  of  the 
two  grades  of  rock  are  sharp,  often  with  no  gradation  of 
magnesia  from  one  to  the  other,  while  in  a  few  places  the  two 
kinds  of  rock  are  separated  by  a  belt  of  lower-grade  limestone 
containing  10  to  15  per  cent,  magnesia.  The  dolomites  are 
compact  instead  of  porous  in  texture,  and  the  purest  limestone 
appears  to  follow  closely  the  shale  contact. 

The  geological  history  of  the  area  may  be  stated  briefly 
as  follows :  The  lime  sediment  was  deposited  on  the  floor  of 
the  old  Cambrian  and  Silurian  oceans,  and  later  covered  by 
the  mud  in  the  Silurian  sea,  now  represented  by  the  Martins- 
burg  Shales.  The  whole  mass  of  sediment  was  raised  into 
land  and  consolidated  into  rock.  The  rocks  were  thrown  into 
a  series  of  folds  broken  and  faulted  by  crustal  movements  that 
took  place  during  the  Paleozoic  division  of  geological  time  and 
culminated  at  its  close.  During  all  the  long  time  since  their 
upheaval  into  a  land  area,  these  rocks  have  been  greatly 
eroded,  the  tops  of  the  folds  are  gone,  leaving  the  highly  tilted 
rocks  with  shale  masses  here  and  there. 

At  some  time  in  this  history  there  was  a  partial  replace- 
ment of  the  lime  carbonate  by  magnesium  carbonate  in  the 
limestone.  Not  all  the  rock  was  changed,  and  in  some  parts 
of  the  formation  the  replacement  was  more  complete  than  in 
other  portions.     This  change  must  have  taken  place  before 
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the  sediments  were  raised  from  the  sea,  or  after  the  rocks 
formed  part  of  the  land  area.  Above,  some  reasons  have  been 
given  against  the  theory  that  this  change  took  place  in  the 
sediments  before  their  consolidation. 

Over  the  limestone  is  now  found  the  remnant  of  the  Silu- 
rian muddy  sediments  in  the  Martinsburg  Shales,  over  700 
feet  in  thickness.  These  mud  sediments  represented  a  great 
change  in  the  physical  condition  of  the  old  Silurian  sea.  The 
floor  was  probably  sinking  slowly,  with  shallow-water  con- 
ditions and  an  inflow  of  salt-laden  waters  from  the  land  area. 
If  at  this  time  the  limestone  sediments  were  replaced  in  part 
by  the  magnesium  carbonate  to  a  certain  depth,  there  would 
be  magnesian  rocks  on  top  with  purer  limestones  below. 
When  the  rocks  were  later  folded  and  eroded,  the  magnesian 
layers  on  the  top  of  a  single  fold  would  form  two  belts  sepa- 
rated by  the  higher  calcium  ledges,  and  the  arrangement  would 
be  repeated  in  the  next  fold.  The  upper  ledges  would  be  next 
to  the  overlying  shales,  but  there  are  found  the  high  calcium 
rocks. 

The  explanation  that  there  was  in  the  Silurian  sea  a  series 
of  elongated  enclosed  basins  where  evaporation  was  greater 
and  conditions  especially  favorable  for  the  replacement  of  lime 
by  magnesia  would  necessitate,  for  this  area,  the  assumption 
that  there  was  a  large  number  of  parallel  basins,  50  to  100  feet 
wide  and  lenticular  in  form,  which  does  not  seem  probable. 
There  seems  to  be  little  support  for  any  theory  of  replacement 
of  the  lime  by  magnesia  in  these  sediments  while  under  the 
sea. 

Assuming  that  the  change  took  place  later,  the  replace- 
ment occurred  in  the  long  time  before  the  mountain  uplift/ 
during  the  uplift,  or  afterward. 

In  the  earlier  history  of  these  rocks  before  the  mountain 
uplift,  the  limestones  were  covered  with  shales  of  very  con- 
siderable thickness  and  very  compact,  so  that  downward  cir- 
culating waters  would  have  little  effect  on  the  covered  lime- 
stones.    It  is  doubtlul  il  this  mantle  of  shales  was  renaovied 
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during  the  Paleozoic  time,  and  if  so  in  places,  the  alteration 
would  be  found  only  in  the  surface  layers. 

If  the  replacement  has  taken  place  wholly  since  the  up- 
lift, it  is  difficult  to  explain  the  occurrence  of  the  dolomite  in 
certain  belts,  and  with  the  sharp  lines  of  contact  with  pure 
limestone  in  areas  where  both  rocks  would  be  brought  equal- 
ly under  the  influence  of  the  circulating  waters.  Further, 
under  normal  conditions  of  pressure,  limestones  are  never 
changed  to  pure  dolomites.  Great  pressure  or  long-continued 
lower  pressure  would  be  necessary  to  cause  any  complete  re- 
placement of  lime  by  magnesia  to  form  a  true  dolomite.  The 
dolomites  thus  formed  would  be  more  or  less  porous  and  show 
caves  and  open  fissures  due  to  the  solution  effects,  but  these 
dolomites  are  very  compact. 

During  Paleozoic  time  there  were  crustal  movements' 
folding  and  faulting  the  great  series  of  accumulated  sedimen- 
tary rocks,  movements  that  reached  their  culmination  at  the 
close  of  that  period  or  at  the  close  of  the  Coal  Measure  Group. 
The  replacement  of  lime  carbonate  by  magnesium  carbonate  in 
the  true  dolomites  results  in  a  diminution  of  bulk  of  12.3/  per 
cent.  With  increased  pressure,  this  change  would  be  more 
complete,  if  the  solutions  were  available.  The  dolomites  of 
this  area  of  the  State  do  have  nearly  the  theoretical  proportions 
of  lime  and  magnesium  carbonates.  The  crumpling  and  re- 
sultant fracturing  of  the  rocks  would  give  better  access  to  cir- 
culating waters  especially  along  the  lines  of  fractures  and 
faults. 

According  to  Van  Hise  (U.  S.  G.  S.,  Mono.  47,  p.  798,  ft.)., 
limestones,  in  regions  of  strong  mountain  movements  with 
the  consequent  fracturing,  are  more  strongly  magnesian  than 
limestones  of  the  same  age  in  less  disturbed  regions.  He 
therefore  reaches  the  conclusion  that  limestones  are  apt  to  be 
magnesian  in  proportion  as  there  were  favorable  conditions 
for  the  entrance  of  solutions  bearing  magnesia. 

Near  Shepherdstown  where  the  rocks  are  highly  tilted 
and  crumpled,  nearly  all  the  limestone  is  magnesian.  The 
Shenandoah  Limestones  near  the  fault-planes  east  of  Charles- 
town  are  very  highly  magnesian.     Where  the  rock  folds  are 
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broad  and  not  so  much  broken  over  the  area  of  the  two  coun- 
ties of  the  eastern  Panhandle,  the  limestone  is  low  in  mag- 
nesia, the  carbonate  seldom  reaching  ten  or  twelve  per  cent. 
At  Cedar  Cliff  in  Mineral  County,  where  there  is  similar  fold- 
ing and  crumpling,  the  limestone  of  Helderberg  age  is  highly 
magnesian  but  not  a  true  dolomite.  Under  such  conditions 
there  must  have  been  great  pressure  on  the  rocks  and  chan- 
nels opened  for  circulating  waters. 

Near  the  shale  contact,  even  with  high  tilting  and  appar- 
ently similar  conditions  to  those  outlined  above,  the  rock  is 
an  exceptionally  pure  limestone  with  less  than  one  per  cent, 
of  magnesia.  In  such  areas,  the  overlying  compact  shales  have 
doubtless  protected  the  rock  from  the  magnesia-bearing  solu- 
tions, and  the  rock  may  have  been  rendered  so  compact  by  the 
pressure  that  the  solutions  could  not  readily  pass  into  the 
limestone. 

The  Martinsburg  Shales  contain  an  average  of  2.65  per 
cent,  of  magnesium  oxide,  but  the  decomposed  and  weathered 
surface  shales  contain  only  1.2  per  cent.  Downward-circu- 
lating waters  would  have  magnesia  in  solution  derived  in  part 
from  the  shales,  and  in  part  from  other  rocks  more  or  less  dis- 
tant from  the  limestone  area.  According  to  Van  Hise,  it  is 
a  chemical  law  that  solid  lime  carbonate  in  contact  with  a 
solution  containing  lime  and  magnesia  will  have  part  of  the 
lime  replaced  by  magnesia,  and  the  interchange  will  take  place 
more  rapidly  where  the  percentage  of  magnesia  is  low  in  the 
rock,  but  the  reaction  will  be  very  slow  in  highly  magnesian 
limestone  except  under  the  influence  of  pressure. 

Whether  the  magnesian  solutions  in  this  area  came  from 
above  or  below  is  difficult  to  determine  from  the  evidence  at 
hand.  There  appears  to  be  no  metal  deposition  and  no  evi- 
dence of  heated  wak-r.  While  upward-circulating  waters  may 
have  been  present,  their  presence  would  not  seem  to  be  re- 
quired U)  explain  the  replacement. 

As  a  summary  of  the  above  discussion,  the  origin  of  the 
tern   West   Virginia  Cambro-Silurian  dolomites  and  mag- 

i  n     tones  is   regarded   by   the   writer  as  due   to  the 
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replacement  of  lime  carbonate  in  part  by  magnesium  carbonate 
brought  in  solution  into  downward-circulating  waters,  a  re- 
action which  took  place  in  the  rocks  after  they  were  consoli- 
dated and  at  the  time  of  their  folding  and  faulting  probably 
near  and  at  the  close  of  the  Paleozoic  era  of  geological  time. 

MARL  DEPOSITS. 

Marl  is  a  soft  earthy  lime  carbonate,  and  represents  a 
lime  sediment  unconsolidated.  It  varies  in  texture  from  a 
crumbly  or  incoherent  powdery  mass  to  a  more  or  less  solid 
earthy  stratum.  It  is  found  in  lakes,  swamps,  or  stream  val- 
leys in  many  parts  of  the  country,  and  varies  in  thickness  from 
a  few  inches  to  40  or  50  feet. 

Marl  forms  the  basis  of  the  Portland  cement  industry  in 
Michigan1  where  it  has  the  following  composition : 

Light  Marl.     Blue  Marl. 

Lime  carbonate 93 .  75  91 .  34 

Magnesium    carbonate 2.42  0.77 

Silica 1.19  1.20 

Alumina  oxide 0 .  55  0.55 

Ferric  iron  oxide 0.25  0.40 

Alkalies,  organic  matter 1 .  84  5.79 

Marls  are  often  described  as  impure  carbonate  of  lime 
deposits  associated  with  high  percentage  of  clay,  but  the 
Michigan  marls  and  those  in  eastern  West  Virginia  are  quite 
free  from  impurities.  They  are  found  in  a  number  of  places 
in  the  eastern  Panhandle  area.  There  are  large  deposits  near 
Millville,  and  east  of  Charlestown  in  Jefferson  County,  near 
Bunker  Hill,  south  of  Martinsburg,  and  many  other  places. 
In  fact  this  marl  is  found  in  practically  every  stream  valley 
within  the  limestone  area,  but  many  of  such  deposits  are  very 
limited  in  extent.  It  requires  careful  prospect  work  to  deter- 
mine whether  these  local  deposits  would  justify  development. 
Some  of  the  deposits  are  known  to  cover  a  broad  area  and 
with  good  depth.  One  near  Millville  is  15  feet  thick  in  the 
run  bank  and  probably  is  much  deeper,  containing  92  per  cent, 
carbonate  of  lime,  as  exhibited  below : 

Michigan  Geological  Survey,  Vol.  VIII,  p.  247. 
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Wetzel  Farm. 

Lime  carbonate 92.26  90.16 

Magnesium  carbonate 1 .  54  1.30 

Silica    1.80  2.18 

Alumina    1 .  23  {  ..  .  1 

Iron    1.23  5  *41 

Titanium    0.06 

The  marl  deposits  are  found  along  stream  valleys  in  this 
area  in  the  limestone  country,  and  they  are  probably  due  to 
surface  waters  leaching-  the  adjoining  limestone.  The  circu- 
lating waters  carrying  the  lime  carbonate  in  solution  flow  to 
lower  levels  in  the  stream  valley  where  their  current  is  checked 
and  the  waters  spread  out  over  a  wider  area  and  by  evapora- 
tion deposit  the  lime  in  layers  as  bog  lime  or  marl. 

As  pointed  out  by  Davis  in  the  Michigan  Geological 
Survey  Report  (Vol.  VIII,  pp.  65-96)  vegetable  algse  have  the 
property  of  extracting  carbonic  acid  gas  from  the  water, 
resulting  in  the  deposition  of  the  lime  salts  in  their  cellular 
structure  and  on  their  surfaces.  Algae  are  found  in  nearly  all 
these  runs  and  they  probably  have  aided  in  the  formation  of 
these  marl  beds  and  possibly  have  formed  the  greater  portion 
of  the  deposit. 

In  the  southeastern  corner  of  Jefferson  County  along 
Long  Marsh  Run  from  Rippon  to  the  Shenandoah  River  are 
deposits  of  purplish-gray  marl  of  which  six  to  eight  feet  are 
exposed  in  the  banks  of  the  run.  The  valley  is  narrow  but 
appears  to  be  all  covered  with  marl  well  shown  a  mile  and 
three-fourths  southeast  of  Rippon  at  the  cross-roads  and  near 
the  Kabletown  Pike. 

Further  north  along  Bullskin  Run  from  east  of  Summit 
Point  past  Wheatland  and  Kabletown  to  the  river  show  exten- 
sive marl  deposits.  They  cover  a  broad  area  on  each  side  of 
the  Norfolk  and  Western  Railroad  at  Wheatland.  The  com- 
position jusl  <'asi  of  the  railroad  is  shown  by  the  analysis,  No. 
100.  Sections  show  thai  it  is  20  feel  deep  along  (lie  run  and  it 
covers  the  valley  here.  Ti  extends  up  the  run  pasl  the  cross- 
roads Over  a   mile   west   of  the   railroad. 

I  i ii  R mi  is  lined  on  both  banks  v\  it li  marl  deposits.  Us 
composition  one  mile  sou  (li  west  oi  I 'loom  cry  near  (lie  old  mill 
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is  given  in  analysis  No.  168.  Near  the  east  edge  of  Charles- 
town,  close  to  both  the  Norfolk  and  Western  and  Baltimore 
and  Ohio  Railroads  on  this  run,  there  is  a  broad  area  of  the 
marl  which  also  extends  northwest  up  the  run.  Its  composi- 
tion at  the  edge  of  town  is  shown  by  analysis  No.  176.  The 
composition  of  the  marl  along  Cattail  Run,  three-fourths  mile 
from  its  mouth,  is  given  in  analysis  "A"  from  Wetzel  Farm- 
where  20  feet  are  exposed. 

Turkey  Run  through  Middleway  is  bordered  by  good 
deposits  of  marl.  All  along  Flowing  Springs  Run  from  north 
of  Charlestown  east  past  Halltown,  the  marl  beds  are  clearly 
seen  and  cover  a  wide  area  west  of  Halltown.  One  mile  west 
of  this  town,  just  north  of  the  railroad  and  east  of  the  county 
road,  the  marl  composition  is  shown  by  No.  173.  Nearly  all 
these  Jefferson  County  runs  show  more  or  less  marl. 

In  Berkeley  County,  there  are  large  deposits  along  Mill 
Creek  at  Bunker  Hill  associated  with  blocks  of  harder  traver- 
tine. Its  composition  is  given  by  analysis  "B".  These  depos- 
its are  seen  near  Gerrardstown  on  the  same  run.  South  of 
Martinsburg,  the  maris  are  seen  along  Evans  Run,  also  with 
solid  blocks  of  the  travertine.  Its  composition  near  where  the 
run  crosses  the  boundary  line  between  the  Standard  and 
National  tracts  is  given  in  No.  210. 

Rockymarsh  Run  forms  the  boundary  between  Berkeley 
and  Jefferson  Counties  at  the  north,  and  its  banks  are  com- 
posed of  marl  which  shows  from  south  of  the  Martinsburg- 
Shepherdstown  Pike  and  north.  In  the  small  run  valley  a 
half  mile  east  of  Greensburg  are  good  deposits  of  marl,  and 
its  composition  is  shown  by  analysis  No.  219. 

Marl  Analyses. 

No.  100. 

Lime  carbonate 88 .  18 

Magnesium  carbonate 0.93 

Iron  and  alumina 0 .  59 

Silica   4.76 

Loss  on  ignition 5 .  15 


No.  168. 

No.  176. 

"A". 

91.53 

94.70 

92.26 

1.44 

1.06 

1.54 

0.82 

0.72 

2.46 

3.55 

1.72 

1.80 

2.49 

1.70 
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No.  173  "B".  No.  210  No.  219 

Lime  carbonate 75.68  90.16  96.59  79.29 

Magnesium    carbonate 1.99  1.30           0.79  0.62 

Iron  and  alumina 3.18  4.41           0.58  2.75 

Silica  12.01  2.18           0.89  9.70 

Loss  on  ignition 6.70         1.33  7.61 

Marls  are  used  in  Michigan  in  the  manufacture  of  Port- 
land Cement  and  would  be  valuable  for  this  same  purpose  in 
this  area.  They  also  have  an  important  value  as  land  fertilizer 
either  after  burning"  into  agricultural  lime  or  when  distributed 
over  the  land  as  natural  marl.  No  use  so  far  is  made  of  these 
deposits  in  Berkeley  or  Jefferson  Counties,  but  they  form  one 
of  the  valuable  assets  of  the  mineral  wealth  of  the  area. 

DESCRIPTION  OF  QUARRIES  AND  PLANTS. 

THE  STANDARD  LIME  AND  STONE  COMPANY. 

The  largest  operating  limestone  company  in  the  eastern 
Panhandle  area  is  the  Standard  Lime  and  Stone  Company 
owned  by  Mr.  Daniel  Baker  and  other  members  of  that  family 
in  Baltimore  and  Frederick,  Maryland.  This  company  was 
incorporated  in  1888  with  a  capitalization  of  $100,000.  The 
general  offices  are  located  at  Baltimore  and  they  operate 
quarries  at  Martinsburg,  and  in  Jefferson  County  at  Bakerton, 
Kearneysville,  and  Millville,  also  further  west  in  the  State  at 
Keyser,  Bowden,  and  quarries  at  Dickerson,  Frederick,  and 
Havre  de  Grace,  Maryland,  as  well  as  near  Strasburg,  Virginia. 

Mr.  Daniel  Baker  was  the  pioneer  in  the  limestone  indus- 
try in  this  area,  and  his  company  at  the  present  time  ships  the 
largest  tonnage  of  any  company  in  the  field,  practically  all  his 
product  going  to  the  Pittsburgh  district.  lie  controls  over 
1,000  acres  of  stone  land  in  Berkeley  County,  and  his  plants 
at  Martinsburg  have  a  daily  capacity  of  3,500  tons. 

Near  Martinsburg  this  company  operates  a  group  of  lime- 
stone quarries  *  <>uth  of  town  which  were  opened  aboul  -1  years 
ago  and  consul  of  a  scries  of  pit  openings  with  a  length  of 
nearly  two  miles.  The  belt  of  high-grade  rock  is  150  to  200 
feet  wide  and  it  has  been  worked  to  a  depth  of  oO  to  90  feet 
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and  a  large  quantity  of  stone  has  been  removed.  The  quarries 
near  town  have  been  abandoned  and  the  present  work  is  in  The 
holes  furthest  south  and  in  a  new  quarry  opened  a  few  years 
ago  to  the  west  of  the  old  quarry  belt  of  stone.  At  the  south 
end  of  the  quarry  development,  the  belt  widens  to  about  500 
feet  and  there  is  a  large  amount  of  high-grade  rock  yet 
available. 

The  Stones  River  Limestone  which  is  the  horizon  worked 
is  overlain  by  the  cobbly  Chambersburg  higher  silica  and 
alumina  stone  which  is  removed  by  stripping  along  with  the 
surface  red  Clay.  The  contact  between  these  two  limestones 
is  very  sharp,  the  upper  darker  limestone  being  in  strong  con- 
trast with  the  lower  almost  white  rock.  The  limestone  dips 
eastward  at  a  high  angle  so  that  the  surface  Chambersburg 
rock  rapidly  increases  in  thickness  as  the  quarry  is  worked 
eastward  and  in  this  direction  profitable  work  soon  ceases. 

The  Stones  River  Limestone  in  these  quarries  is  similar 
to  the  other  outcrops  in  the  Martinsburg  area.  It  is  creamy- 
white  to  bluish-gray  in  color,  very  compact  and  brittle,  and 
breaks  with  a  shelly  or  conchoidal  fracture,  and  is  very  low  in 
silica  and  other  impurities.  The  brittle  character  renders  it 
easy  to  break  in  the  quarry,  a  blow  of  the  sledge  shattering 
it  into  pieces.  Fissures  extend  downward  through  the  body 
of  the  limestone  and  are  filled  wTith  red  clay  which  must  be 
removed  in  the  quarry  operation.  These  red  clay  filled  fissures 
are  not  as  numerous  and  large  as  in  some  of  the  other  quarries 
where  the  high-grade  limestone  comes  to  the  surface  without 
the  cover  of  high  silica  stone. 

The  south  quarries  of  this  company  consist  of  nine  open- 
ings which  are  800  to  1400  feet  long  and  225  to  about  400  feet 
wide,  but  the  first  five  openings  near  town  have  been  aban- 
doned. The  belt  of  these  quarries  is  over  10,000  feet  long  with 
an  average  width  of  250  feet,  and  they  are  reached  by  nearly 
18,000  feet  of  standard  gauge  track  and  switches  for  the  load- 
ing and  transfer  of  cars  to  and  from  the  Baltimore  and  Ohio 
Railroad. 

The  rock  is  blasted  with  dynamite  and  loaded  by  hand 
into  two-yard  quarry  cars  which  are  hauled  by  cable  up  in- 
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clines  to  the  tipples  or  crusher.  On  account  of  the  brittle 
character  of  the  stone,  it  is  shot  light,  with  low-strength  dyna- 
mite. A  considerable  portion  of  the  stone  is  broken  to  one- 
man  size  and  loaded  from  the  tipples  direct  into  railroad  cars. 
For  producing  8-inch  stone  and  smaller  sizes,  the  trucks  of 
stone  are  hauled  from  the  top  of  the  inclines  in  the  different 
quarries  by  small  locomotives  to  the  foot  of  the  crusher  incline 
and  there  raised  by  cable  and  dumped  into  the  crusher.  Air- 
drills  are  used  in  the  quarries  connected  with  a  large  type  of 
compressor,  and  in  this  rock  a  driller  can  usually  drill  from  SO 
to  100  feet  a  day. 

For  many  years  a  crusher  in  a  large  substantial  building 
was  operated  near  the  edge  of  town,  making  necessary  a  very 
long  haul  from  the  quarries  to  the  south.  This  wooden  build- 
ing was  burned  a  few  years  ago,  and  a  modern  steel  building 
erected  further  south  and  more  central  to  the  working  quar- 
ries. This  building  is  equipped  with  large  Gates  crusher, 
screens,  elevators,  and  large  storage  bins,  and  is  the  main 
crushing  plant. 

At  the  south  end  of  the  quarry  belt  is  a  second  crusher 
building  equipped  with  Gates  gyratory  crushers  Nos.  8  and  5, 
which  is  used  to  supply  furnace  stone  and  also  stone  for  the 
adjoining  fine-grinding  works.  All  of  the  stone  is  screened 
through  rotating  cylindrical  screens  which  are  about  four  feet 
long  and  sixteen  inches  in  diameter. 

One  of  the  important  features  of  the  equipment  is  the 
fine-grinding  department  which  contains  both  Jeffrey  and 
Williams  pulverizers  which  crush  the  stone  to  a  gravel.  The 
ground  material  is  dried  in  an  Allis  drier  40  feet  long,  and  any 
finer  grinding  required  is  done  in  an  Allis  22-foot  tube  mill  to 
a  flour.  Storage  is  provided  for  200  tons  from  the  pulverizers 
and  for  100  tons  from  the  tube  mill.  In  the  sacking  room  the 
fine  limestone  Hour  is  placed  in  bags,  while  the  coarse-ground 
stone  is  loaded  direel  through  chute  into  railroad  box  cars. 
The  capacity  of  the  plant  is  200  tons  daily-  and  the  product  is 
shipped  to  the  glass  works,  fertilizer  works,  etc.  On  account 
of  the  very  Dure   limestone   used,   this  material   is   in    good   de- 
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mand,  and  more  and  more  of  it  is  finding  a  market  as  land 
fertilizer. 

The  Standard  Lime  and  Stone  Company  also  operates 
quarries  at  the  west  edge  of  town  on  a  similar  high-grade 
limestone.  There  are  four  quarry  openings  which  average  400 
by  300  feet  each  and  are  now  worked  to  a  depth  of  ten  to 
thirty  feet,  and  the  property  includes  about  60  acres  of  stone 
land  connected  with  the  Baltimore  and  Ohio  Railroad  by  a 
switch.  There  are  four  inclines  and  tipples  and  at  these  quar- 
ries the  stone  does  not  pass  through  a  crusher  but  is  broken 
in  the  quarry  and  loaded  from  the  tipples  into  the  railroad  cars, 
with  a  daily  capacity  of  800  tons.  The  quarry  is  equipped  with 
air-drills,  compressor,  hoist  engines,  and  all  necessary  equip- 
ment. 

Northwest  of  town  on  the  railroad  and  near  the  switch  to 
the  western  quarries,  the  company  has  ten  stone-pot  lime- 
kilns with  daily  capacity  of  3,000  bushels  of  lime.  There  are 
three  quarry  holes  here  formerly  used,  but  at  present  the  stone 
is  brought  from  other  quarries.  This  lime  made  from  the  very 
pure  limestone  finds  a  good  market  for  caustic  lime  in  the 
leather  and  paper  works.  The  stone  from  the  adjoining  quar- 
ries makes  a  good  commercial  building  lime,  but  the  company 
produces  this  grade  of  lime  in  late  years  at  their  large  lime 
plant  at  Bakerton. 

The  Standard  Lime  and  Stone  Company  with  a  far- 
sighted  policy  has  bought  various  tracts  of  pure  limestone 
through  the  county  near  railroad  connections,  which  are  held 
as  a  reserve  supply  for  future  demand.  This  reserve  area 
probably  totals  near  1,000  acres. 

Bakerton  Quarries. — Engle  Station  is  located  15  miles 
east  of  Martinsburg,  in  Jefferson  County,  on  the  main  line  of 
the  Baltimore  and  Ohio  Railroad.  Bakerton  is  a  small  settle- 
ment located  two  miles  to  the  northeast  of  Engle  and  con- 
nected at  that  place  by  a  switch.  At  Bakerton  are  located  the 
quarries  and  kilns  of  the  Washington  Building  Lime  Company 
owned  by  the  Standard  Lime  and  Stone  Company.  The 
plant  was  started  in   1895  and  is  the  largest  center  of  lime- 
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burning  in  the  State,  the  lime  from  this  stone  being  held  in 
high  favor  in  the  eastern  markets. 

The  quarry  has  been  worked  to  a  depth  of  50  to  60  feet, 
+he  kilns  being  located  at  the  level  of  the  top  of  the  quarry  and 
c.  :e  to  it,  and  the  rock  is  hauled  up  the  incline  tracks  by  cabie 
and  dumped  into  the  kilns.  The  face  of  the  quarry  runs  nearly 
north  and  south  and  the  rock  dips  to  the  west.  The  cover  of 
clay  varies  from  2  to  20  feet  in  thickness,  being  thickest  near- 
est the  ends  of  the  quarry.  The  limestone  is  hard,  compact. 
and  somewhat  crystalline.  The  lower  12  feet  is  marked  by 
white  calcite  streaks.  The  next  ledge  of  12  to  15  feet  above 
is  blue  in  color  and  is  used  with  the  next  upper  10  feet  of  light- 
colored  stone.  Under  the  red  clay  cover  is  a  five-foot  ledge  of 
hard  blue  limestone  not  used  for  commercial  lime.  The  lime- 
stone at  this  quarry  was  analyzed  in  the  Survey  laboratory 
with  the  following  results : 

Per  cent. 

Lime    carbonate 95 .  55 

Magnesium  carbonate 2 .  44 

Silica   0.12 

Iron  and  alumina 1.01 

Sulphur    0.15 

Phosphorus    0.02 

99.29 

This  limestone  analysis  was  from  the  light-colored 
stratum  and  the  lime  is  of  very  high-grade,  not  unlike  the 
stone  at  Martinsburg  in  its  chemical  composition,  but  it  seems 
to  differ  in  its  physical  character  as  it  burns  into  a  more  satis- 
factory commercial  lime  which  is  snow-white  and  strong.  Tt 
is  possible  that  the  better  results  come  from  mixing  the  blue 
rock  with  the  white. 

There  arc  16  iron-clad  draw  kilns  six  feet  in  diameter  and 
20  feet  high  with  a  capacity  of  250  bushels  of  lime  each  daily. 
There  arc  three  additional  similar  kilns  located  at  Engle 
Station  supplied  with  stone  from  the  Bakerton  quarries. 
There:  arc  also  at  Hakerton  six  stone-pot  kilns  for  burning  agri- 
cultural lime,  each  holding  300  bushels. 

I  here  is  a  Clyde  system  hydrator  plant  with  a  capacity 
of   12   to    IS   tons   daily   of   lime   hydrate.     This   plant   is   also 
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PLATE   XXVI.— Chimney   Rock   of   Harpers   Shale  near  Base  of  Blue  Ridge, 
Opposite  Harpers  Ferry. 
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equipped  with  grinding  machine  for  lime  in  the  form  of  a 
Stedman  cage  disintegrator  and  a  Jeffrey  bag-packing  ma- 
chine, and  a  complete  barrel  plant  with  daily  capacity  of  1,000 
barrels.  The  capacity  of  the  Bakerton  and  Engle  plants  is 
about  35,000  bushels  of  lime  a  week. 

This  quarry  and  plant  like  all  the  other  Standard  Com- 
pany plants  is  operated  almost  entirely  by  electric  power  with 
electric  hoists,  pumps,  and  air-compressor.  This  is  one  of  the 
largest  lime  plants  in  the  East. 

Kearneysville  Quarries. — Kearneysville  is  located  in  Jef- 
ferson County  eight  miles  east  of  Martinsburg,  on  the  main 
line  of  the  Baltimore  and  Ohio  Railroad.  The  Standard  Lime 
and  Stone  Company  opened  quarries  here  in  1892,  and  for 
many  years  they  furnished  most  of  the  B.  &  O.  ballast  from 
these  quarries.  The  old  quarry  was  60  feet  deep  and  worked 
nearly  500  feet  square.  A  few  years  ago  a  new  quarry  was 
opened  further  up  the  ravine  and  is  now  about  40  feet  deep  at 
the  lowest  point.  The  rock  is  hauled  in  quarry  cars  up  an 
incline  to  the  crushers.  The  rock  is  of  good  hardness,  and  this 
is  the  largest  ballast  quarry  on  the  railroad.  It  has  a  cover 
of  red  clay  3  to  20  feet  thick.  The  lower  solid  rock  of  the 
quarry  has  the  following  composition  as  analyzed  in  the  Sur- 
vey laboratory : 

Per  cent. 

Lime  carbonate 89.91 

Magnesium  carbonate 3.18 

Silica 3.81 

Iron  and  alumina 2.00 

The  stone  is  thus  more  impure  than  the  flux  rock  at 
Martinsburg,  but  it  is  lower  in  these  impurities  than  much  of 
the  limestone  over  the  area  and  it  was  held  in  high  favor  for 
ballast,  being  harder  than  the  pure  limestone,  with  longer  wear 
and  less  dust. 

There  are  two  crusher  buildings  equipped  with  five  Gates 
crushers  ranging  in  size  from  No.  7^2  to  4,  with  screens, 
elevators,  and  storage  bins,  holding  25  cars  of  ballast.  The 
quarry  is  equipped  with  hoist  engines,  air-compressor,  air- 
drills,  trucks,  etc. 

Millville.  Quarries. — Millville,  in  Jefferson  County,  is  lo- 
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cated  on  the  Shenandoah  Valley  Division  of  the  Baltimore  and 
Ohio  Railroad,  four  miles  west  of  Harpers  Ferry.  The 
Standard  Lime  and  Stone  Company  operates  at  this  place 
large  quarries  in  the  dolomite  or  magnesian  limestone  which 
is  shipped  to  Pittsburgh  for  basic  steel  manufacture.  This 
locality  is  their  main  source  of  supply  of  this  stone.  They  are 
without  doubt  the  finest  dolomites  in  the  country,  being  nearly 
of  theoretical  composition. 

The  quarries  were  opened  in  1901.  The  working  quarry 
is  one-half  mile  from  the  railroad  track  and  is  50  to  60  feet 
deep.  The  rock  near  the  center  of  the  quarry  has  a  bluish 
color  becoming  lighter  near  the  ends  of  the  opening  and  near 
the  top.  The  rock  is  cut  by  numerous  joint-planes.  It  is 
grayish-buff  in  color  and  quite  compact.  The  cover  is  of  red 
clay  and  varies  in  thickness  from  a  few  feet  to  20.  The  com- 
position of  the   dolomite  is   shown  in  the  following  Survey 

analyses : 

New  Quarry.     Old  Quarry. 

Lime  carbonate   54 .  72  55 .  00 

Magnesium  carbonate 43 .  18  45 .  00 

Silica    0.05  0.40 

Iron  and  alumina 0.89  0 .  41 

Phosphorus    0.01 

Sulphur    none 

Alkalies   0.15 

99.00 

The  dolomite  is  almost  of  theoretical  purity  and  the  im- 
purities are  exceptionally  low.  It  is  thus  a  most  remarkable 
deposit  of  this  rock  and  its  equal  would  be  difficult  to  find  in 
any  other  area.  The  company  controls  nearly  450  acres  of 
this  grade  of  stone. 

The  plant  equipment  includes  a  brick  compressor  house, 
crusher  building  with  two  Gates  crushers,  Nos.  6  and  5,  with 
16-foot  revolving  screen  with  perforations  in  the  screen  plates 
of  3,  2^4,  1^2,  and  */>  inches,  large  air-compressor,  air-drills, 
hoisl  engines,  etc.,  with  electric  power.  There  is  a  lime  plant 
with  two  iron-clad  250-bushel  kilns.  The  capacity  of  the 
quarry  is  about  1,200  tons  daily.  This  magnesian  limestone 
burns  into  a  slow  setting  lime  which  is  regarded  as  equal  to 
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the  famous  Toledo  district  lime  now  shipped  in  such  large 
quantity  to  the  eastern  markets  in  hydrate  form. 

BLUE    RIDGE   LIME   AND   STONE   COMPANY. 

Across  the  Shenandoah  River  from  the  Standard  Lime 
and  Stone  Company  quarries  at  Millville  is  the  plant  of  the 
Blue  Ridge  Lime  and  Stone  Company,  formerly  the  Harpers 
Ferry  Lime  Company,  owned  by  Pittsburgh  parties,  and 
opened  in  1905.  The  rock  was  tested  by  them  over  an  out- 
crop three-fourths  mile  long.  Many  years  ago  the  Becker 
Brothers  operated  a  lime-kiln  at  this  place,  and  the  present 
company  has  built  three  large  Shoop  lime-kilns  of  most  mod- 
ern construction  with  capacity  of  350  bushels  daily.  They  also 
installed  two  Champion  jaw  crushers  for  ballast  and  concrete 
stone.  The  disadvantage  of  the  location  is  being  across  the 
river  from  the  railroad  so  that  the  product  was  at  first  ferried 
across  and  later  an  aerial  tram  was  built.  If  the  river  were 
bridged  there  would  be  a  large  production  at  this  place,  as  the 
lime  was  sold  in  Washington  and  they  were  unable  to  supply 
the  demand,  the  lime  being  held  in  high  favor  there  by  dealers 
and  contractors.  The  plant  has  not  been  operated  for  some 
years,  but  was  reopened  in  March,  1916. 

The  rocks  in  this  area  vary  from  high-grade  limestone 
with  97  per  cent,  lime  carbonate  to  pure  dolomites.  Magne- 
sian  and  pure  limes  can  be  made  and  shipped  east  and  west 
as  well  as  south.  The  composition  of  the  limestones  at  the 
quarries  is  shown  in  the  following  Survey  analyses: 

Dolomite.     Limestone. 

Lime    carbonate 55.00     54.00         92.96 

Magnesium    carbonate 45.00     46.00  4.62 

Silica 0.30       0.53  1-70 

Iron  and  alumina 0.57       0.47  1.29 

The  dolomites  are  again  seen  to  be  very  pure  and  the 
limestone  should  make  a  good  high  calcium  lime,  with  oppor- 
tunities to  furnish  dolomite  rock  and  concrete  stone.  It  is  an 
operation  so  well  equipped  that  it  should  be  started  up  agaiu 
and  operated. 
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O.   J.    KELLER    LIME    COMPANY. 

At  Engle  Station  on  the  main  line  of  the  Baltimore  and 
Ohio  Railroad  in  addition  to  the  Standard  Company  lime- 
kilns, there  are  located  the  quarries  of  the  O.  J.  Keller  Lime 
Company  of  Buckeystown,  Maryland,  which  were  opened  in 
1883.  There  are  four  patent  draw  kilns  with  a  capacity  of  300 
bushels  each  daily,  and  five  stone-pot  kilns  each  with  a 
capacity  of  325  bushels  a  day.  The  patent  kilns  are  of  the 
Decker  patent  with  three  furnaces  to  the  kiln  and  use  coal. 
It  requires  about  7,000  pounds  of  coal  to  burn  325  bushels  of 
lime  in  24  hours.  The  kilns  are  drawn  every  two  hours  and 
the  lime  is  packed  in  barrels  holding  two  and  a  half  to  three 
bushels.  The  lower-grade  rock  was  formerly  burned  in  the 
stone  kilns  for  agricultural  lime  and  was  darker  in  color  due 
to  the  ash  from  the  coal  as  the  kiln  was  filled  with  alternate 
layers  of  coal  and  limestone. 

The  limestone  at  this  quarry  has  a  cover  of  red  clay  6  to 
15  feet  in  depth  and  the  height  of  the  present  quarry-face  is 
about  30  feet.  The  upper  ten  feet  is  more  irregular  than  the 
lower  and  near  the  top  is  in  rounded  boulders,  so  that  it  was 
not  used  for  the  commercial  lime.  The  lower  20  feet  of  blue 
limestone  was  used  for  the  better  grade  of  lime.  The  quarry 
has  been  worked  back  a  distance  of  1,500  feet  from  the  rail- 
road. This  lime  plant  has  not  been  in  operation  for  the  past 
few  years.  This  quarry  was  leased  in  March,  1916,  and  plans 
made  for  reopening  the  plant. 

The  Keller  Company  opened  in  the  fall  of  1904  a  new 
quarry  three-fourths  mile  west  of  Engle  Station,  and  operates 
under  the  name  of  the  Potomac  Limestone  Company.  This 
quarry  is  used  mainly  for  ballast,  though  some  of  the  purer 
rock  is  shipped  for  blast-furnace  flux.  The  stone  is  crushed  in 
two  Gates  crushers,  Nos.  6  and  4,  and  in  one  Champion 
crusher.  The  daily  capacity  of  these  crushers  is  400  cubic 
yards  or  about  700  tons. 

The  limestone  at  the  Potomac  quarry  is  worked  in  a  20- 
to  25-foot  face  and  is  blue  in  color.  The  cover  of  four  to 
seven  feet  consists  of  buff  shale,  irregular  limestone  nodules, 
and  clay.     The  limestone  is  broken  by  several  belts  of  hard 
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cream-white  shales  which  are  20  to  60  feet  wide  and  follow 
the  trend  of  the  limestone.  The  blue  limestone  between  these 
belts  is  20  to  30  feet  wide.  To  the  west  of  the  first  quarry 
these  shale  belts  are  smaller  and  even  disappear.  The  bottom 
of  the  quarry  is  75  feet  above  the  railroad  track  so  that  a  100- 
foot  face  can  be  worked  to  the  track  level. 

There  are  180  acres  in  the  tract  and  the  cover  is  thin  over 
most  of  it.  Small  belts  of  nearly  white  limestone  are  found 
near  the  east  end  of  this  quarry.  The  composition  of  the  lime- 
stone is  shown  by  the  following  Survey  analyses : 

Blue.  White. 

Lime    carbonate 92.27  98.21 

Magnesium  carbonate 3.18  0.86 

Silica    1.18  0.02 

Iron  and  alumina 1.60  0 .  75 

Sulphur    0.51  0.09 

Phosphorus     0.08  0.007 

98.82  99.937 
The  analysis  of  the  white  limestone  shows  a  very  pure 
rock  well  adapted  for  high-grade  flux  stone.  Only  a  limited 
amount  was  observed  at  this  point,  but  this  occurrence  would 
suggest  that  more  of  the  rock  might  be  found  by  careful  pros- 
pect work.  The  other  or  blue  limestone  has  proved  very 
satisfactory  as  ballast  and  is  used  by  the  railroad. 

The  belts  of  white  shale  or  slate  which  are  found  in  this 
quarry  are  not  used,  but  they  are  of  interest  and  have  the 
appearance  of  a  sericite  mineral,  and  the  plates  are  much 
crumpled.  An  analysis  was  made  of  this  shale  in  the  Survey 
laboratory,  which  shows  it  to  be  a  magnesium  aluminum  sili- 
cate with  the  following  composition  : 

Per  cent. 

Silica    42 .  95 

Alumina   9.13 

Ferrous  iron 1.00 

Ferric    iron 1.02 

Magnesia  oxide 12 .  15 

Lime   oxide 11 .  40 

Sodium   0.39 

Potassium    5  50 

Water 2.02 

Titanium    0,37 

Phosphorus    , 0 .  77 

Sulphur   none 

Loss  on  ignition 13.15 

99.85 
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J.   E.  BAKER  LIME  COMPANY. 

The  limestone  quarries  near  Bunker  Hill,  ten  miles  south 
of  Martinsburg,  were  opened  by  Mr.  Sam  Cline  about  1900, 
and  lime  was  burned  in  two  stone  kilns  with  a  daily  capacity 
of  nearly  1,000  bushels.  About  eight  years  later,  the  J.  E. 
Baker  Lime  Company  of  York,  Pennsylvania,  purchased  this 
tract  of  land  and  built  a  switch  to  the  Cumberland  Valley 
Railroad,  and  they  have  a  capacity  of  1,200  to  1,500  tons  of 
fluxing  stone  daily.  They  also  built  a  six-kiln  lime  plant 
which  was  destroyed  by  fire  in  1914.  The  quarries  are  in  the 
Stones  River  Limestone  which  outcrops  at  this  place  with  a 
width  of  250  to  300  feet  and  the  quarries  are  now  about  fifty 
to  sixty  feet  in  depth.  The  stone  is  broken  into  blocks  of  one- 
man  size  and  dumped  over  incline  and  tipples  into  the  railroad 
cars.  No  crusher  is  used  at  this  place,  and  the  stone  is  mainly 
shipped  to  the  Harrisburg  furnaces.  The  silica  averages  under 
one  per  cent.,  and  much  of  it  under  a  half  of  one  per  cent.,  as 
shown  by  the  following  Survey  analyses : 

1905.  1915. 

Lime  carbonate 97 .  17     97.05  98 . 20 

Magnesium  carbonate 1.26       2.63  1 .  29 

Iron  and  alumina ..     0.46       0.47  0.19 

Silica     0.60       0.59  0.29 

BLAIR    LIMESTONE    COMPANY. 

Three  miles  east  of  Martinsburg  is  the  plant  of  the  Blair 
Limestone  Company  owned  by  the  Jones  and  Laughlin  Stev.l 
Company  of  Pittsburgh.  The  company  controls  550  acres  of 
land  on  which  are  two  belts  of  the  low  silica  limestone.  The 
property  adjoins  the  main  line  of  the  Baltimore  and  Ohio 
Railroad.  Flux  stone  is  shipped  to  the  Company's  plants  in 
the  Pittsburgh  district,  and  lime  is  also  burned  for  use  in  their 
open-hearth  furnaces. 

They  have  19  modern  steel-clad  kilns  of  Shoop  pattern 
fired  with  coke.  The  kilns  are  eight  feet  in  diameter  and  10 
feet  high,  with  a  daily  capacity  each  of  over  400  bushels.  The 
company  has  recently  completed  a  hydrating  plant,  using  the 
Kritzer  hydrator  with  six  cylinders  and   Qrschel-Bates  auto- 
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matic  four-tube  sacking  machine.  The  machinery  is  housed 
in  a  steel  building  with  steel  storage  building  40  by  200  feet, 
with  a  storage  capacity  of  3,000  tons  of  hydrate.  There  is  a 
2,500-ton  steel  storage  tank  for  lime  from  the  kilns,  and  the 
lime  for  the  hydrator  plant  is  taken  by  conveyor  from  this 
tank,  while  another  conveyor  can  be  used  for  loading  the  kiln 
lime  from  the  tank  into  cars.  A  swing-hammer  mill  is  in- 
stalled for  the  manufacture  of  ground  lime.  The  flux  stone  is 
crushed  in  a  McLanahan  single-roll  crusher  three  feet  long 
and  eighteen  inches  in  diameter  which  is  fed  through  a  4-  by 
8-foot  hopper,  and  has  a  daily  capacity  of  3,000  to  4,000  tons. 
This  company  also  operates  a  dolomite  lime  quarry  near 
Millville  with  five  steel  kilns. 

The  following  analyses  show  the  composition  of  the  lime- 
stone at  the  Martinsburg  plant: 

Lime  carbonate 97.54  98.30  98.98  98.42 

Magnesium  carbonate 1.50  1 .  21  0 .  43  0.57 

Iron  and  alumina 0.72  0.46  0.88  0.27 

Silica  0.72  0.40  0.58  0.74 

The  lime  burned  at  this  plant  has  the  following  compo- 
sition : 

Lime   oxide 94.26         96.30 

Insoluble    1.06  1 .  14 

THE    PITTSBURGH    LIMESTONE    COMPANY. 

The  Pittsburgh  Limestone  Company,  a  subsidiary  of  the 
Carnegie  Steel  Company,  now  controls  a  large  acreage  on  the 
Potomac  River  north  from  Falling  Waters  and  west  of  Wil- 
liamsport,  where  there  is  a  high  cliff  of  the  high-grade  lime- 
stone. This  place  is  about  14  miles  north  of  Martinsburg  and 
is  reached  by  a  branch  from  the  Western  Maryland  Railroad 
from  Charlton,  Maryland.  The  limestone  company  has  blasted 
away  a  large  amount  of  stone  for  its  tracks,  and  the  quarry 
floor  is  laid  with  a  branching  system  of  quarry  car  tracks,  and 
£.11  was  in  readiness  for  sometime  for  the  actual  quarry  work 
before  the  railroad  was  built.  The  shipment  of  stone  and 
active  work  started  in  the  fall  of  1915.  The  stone  dips  gradu- 
ally to  the  .east  and  then  to  the  west  with  a  low  syncline,  so 
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that  the  rock  -lies  more  nearly  horizontal  than  in  any  of  the 
other  quarries  in  this  area.  The  high  vertical  cliff  affords  a 
natural  quarry-face  to  start  on,  and  the  stone  is  of  very  pure 
quality.  The  company  plans  eventually  to  operate  this  plant 
with  an  annual  output  of  1,000,000  tons. 

SECURITY    LIME    AND   CEMENT   COMPANY. 

Quarries  have  been  worked  for  many  years  four  miles 
north  of  Martinsburg  near  Berkeley  Station  on  the  Cumber- 
land Valley  Railroad.  They  were  formerly  operated  under  the 
name  of  the  Bessemer  Limestone  Company,  but  changed  in 
January,  1904,  to  the  Martinsburg  Limestone  Company.  They 
are  now  owned  by  the  Security  Lime  and  Cement  Company  of 
Hagerstown,  Maryland.  This  company  operates  a  Portland 
Cement  plant  at  Security,  near  Hagerstown,  and  the  lime  and 
crushed-stone  plant  at  Berkeley  Station.  The  limestone  is 
crushed  for  ballast,  concrete  stone,  and  for  flux  in  a  large  size 
crusher  in  a  modern  crusher  building  equipped  with  screens, 
conveyors,  elevators,  and  storage  bins.  The  lime  is  burned  in 
three  large  steel  kilns  fired  with  producer  gas.  Each  kiln  has 
a  capacity  in  24  hours  of  1,400  bushels  of  lime.  They  find  thai 
the  use  of  gas  in  burning  gives  a  very  uniform  and  even  tem- 
perature. From  the  kilns  the  lime  is  carried  by  automatic  con- 
veyors to  the  crusher  where  it  is  reduced  to  the  size  of  small 
pebbles,  and  it  is  then  conveyed  to  a  steel  storage  bin.  Below 
this  bin  is  the  fine-crusher  or  granulator  which  reduces  the  lime 
to  a  flour  and  passes  it  by  conveyor  to  a  tightly  closed  bin. 
From  this  bin  the  lime  flour  passes  to  the  rotary  hydrator 
where  it  is  hydrated  with  the  proper  amount  of  water  and  then 
stored  in  bins  from  which  it  is  sacked  by  automatic  machines. 
Hydrate  lime,  lump  lime,  and  ground  lime  are  sold. 

NATIONAL   LIMESTONE  COMPANY. 

One  of  the  latest  companies  to  enter  the  limestone  quarry 
work  in  the  Martinsburg  district  is  the  National  Limestone 
Company  with  offices  at  Scranton,  Pennsylvania.  This  com- 
pany lias  the  largest  plant  in  the  field  and  has  expended  in  its 
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operations  probably  over  a  half-million  dollars.  The  plant 
is  so  different  from  any  others  in  this  section  of  the  country 
that  it  will  be  described  in  some  detail. 

The  quarries  and  plant  are  located  two  miles  south  of  town 
and  join  the  Standard  Company  property  on  the  east.  It 
Owns  over  1,000  acres  of  land  at  this  place  and  has  built  two 
and  a  half  miles  of  standard  gauge  railroad  to  connect  with 
the  Baltimore  and  Ohio  Railroad.  It  has  its  own  railroad 
equipment  of  standard  gauge  locomotives  and  quarry  cars. 
The  quarries  were  opened  in  July,  1910,  and  the  plant  was  com- 
pleted and  at  work  December,  1911. 

QUARRIES. — Two  main  belts  of  high-grade  limestone 
come  to  the  surface  on  the  northern  portion  of  the  National 
tract,  known  as  the  East  Fork  and  the  West  Fork  belts,  which 
unite  at  the  north  in  a  broad  belt  1,000  feet  wide,  and  nearly 
450  feet  north  and  south.  The  West  Fork  belt  is  about  3,500 
feet  long  and  the  East  Fork  belt  is  nearly  two  miles  in  length 
on  the  property.  These  belts  have  been  core  drilled  and  show 
good  stone  to  at  least  140  feet  down.  Other  belts  of  pure  lime- 
stone are  found  to  the  west  on  the  southern  portion  of  the 
property.  The  present  quarry  openings  are  on  the  East  Fork 
belt  near  its  northern  end. 

The  quarry  excavation  and  loading  has  been  by  steam- 
shovels  and  two  were  used,  one  110-ton  and  one  60-ton.  The 
stone  was  loaded  in  15-ton  standard  gauge  steel  cars  which 
were  automatically  dumped  at  plant.  The  first  quarry  was 
opened  as  a  long  open  cut  northward  with  the  trend  of  the 
ledges,  and  then  the  side  walls  were  turned  over  into  the  cut 
by  heavy  blasts.  This  cut  is  now  about  1,400  feet  long  and 
100  to  140  feet  wide,  with  a  height  of  face  of  65  feet.  Through- 
out this  extent  of  face,  analyses  show  an  average  silica  con- 
tect  of  under  three-fourths  of  one  per  cent. 

The  drilling  in  this  quarry  is  by  two  Clipper  gasoline  en- 
gine well  drills  which  drill  a  five-inch  hole  at  the  rate  of  40  to 
45  feet  daily.  Very  few  quarries  in  this  section  use  this  form 
of  drilling  which  represents  a  marked  saving  in  cost  of  throw- 
ing down  stone.  With  the  well  drill,  a  row  of  holes  is  drilled 
back  from  the  face  of  the  quarry  and  about  20  feet  apart  and 
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to  a  depth  a  few  feet  below  the  floor  of  the  quarry.  In  the  bot- 
tom of  the  hole  75  to  125  pounds  of  dynamite  are  exploded  to 
form  a  cavity,  a  method  known  as  springing  the  hole  to  form  a 
space  for  the  charge  of  dynamite.  This  space  is  usually  filled 
with  about  40  per  cent,  dynamite  and  a  lower  strength  used 
above,  filling  the  lower  third  or  in  some  cases  the  lower  half  of 
the  hole  and  then  loose  clay  is  tamped  in.  Seven  to  ten  or  more 
holes  are  shot  in  one  blast.  The  heavy  charge  in  the  bottom 
blows  that  portion  of  the  ledge  outward  and  the  upper  portion 
falls  in.  Blasts  at  this  quarry  have  been  made  with  from  one 
to  three  tons  of  dynamite. 

The  second  quarry  was  opened  to  the  south  of  the  first  as 
a  hand  operation  with  inclines  and  hoists,  but  later  was  con- 
verted into  a  steam-shovel  quarry.  This  quarry  is  worked 
with  a  very  long  north-and-south  face  and  narrow  width,  and 
water  is  more  troublesome  than  in  the  much  deeper  number 
one,  but  is  kept  down  by  a  large  electrical  pump. 

A  third  quarry  was  opened  just  ahead  of  number  one,  as 
a  hand  operation  but  the  large  amount  of  red  clay  in  its  sur- 
face ledges  caused 'its  abandonment.  Red  clay  fissures  extend 
in  all  these  three  quarries  to  the  bottom  and  widen  out  here 
and  there  making  much  trouble  in  their  removal.  In  fact  the 
loading  by  steam-shovel  has  not  been  entirely  successful  on  ac- 
count of  the  quantity  of  this  clay,  and  most  of  the  high-grade 
stone  is  now  being  quarried  by  hand  methods  as  in  the  other 
quarries. 

This  high-grade  stone  being  very  subject  to  solution  is 
bound  to  have  solution  fissures  and  along  joint-planes  will 
have  deposits  of  this  surface  clay.  The  shovel  does  not  sort 
the  stone  and  clay  so  that  it  will  not  be  a  success  in  such  lime- 
stone highly  tilted  as  here  except  in  most  favorable  weather. 
In  dry  weather  this  clay  crumbles  like  sand  and  then  will  bo 
separated  on  the  screens  and  make  little  or  no  trouble  in  the 
stone.  In  wet  weather  and  especially  in  winter,  the  clay  is 
sticky  and  forms  large  resistant  balls  that  will  not  break  np 
and  can  no!  even  be  broken  by  the  pick.  Snch  halls  will  pass 
over  the  screens  and   go  in    with   the  stone   for  shipment    thus 
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injuring  the  product.  Where  it  can  be  used,  the  steam-shovel 
is  the  most  economical  method  of  quarrying  stone.  The  blocks 
can  be  loaded  in  larger  size  which  means  lower  blasting  cost, 
and  less  laborers  are  required  and  higher  capacity  a  day  is  pro- 
duced. On  test  runs  in  good  weather  the  limestone  has  been 
quarried,  crushed,  and  loaded  on  railroad  cars  at  this  plant  by 
use  of  shovel  without  being  touched  by  hand  from  quarry-face 
to  car  and  at  a  cost  as  low  as  17  to  20  cents  a  ton  on  a  day's 
run,  while  the  cost  by  ordinary  methods  will  average  close  to 
35  cents  per  ton  under  most  economical  working.  While  ex- 
perts differ  on  this  subject,  it  seems  to  be  well  proved  that  the 
shovel  can  not  be  depended  upon  in  this  high-grade  stone  in 
the  Martinsburg  district  month  in  and  out  in  the  variable 
weather  conditions.  They  should  be  held  in  reserve  and  used 
when  weather  is  favorable  to  increase  the  tonnage  at  such 
times.  Inclines  are  also  in  use  to  insure  a  steady  output  for 
the  regular  market. 

On  the  ballast  and  lime-burning  stone  which  is  harder  and 
more  resistant  to  solution,  the  clay  seams  will  probably  prac- 
tically disappear  at  depths  of  15  to  20  feet  and  the  shovels 
could  there  be  used  at  a  profit.  On  the  National  tract  as  on 
the  other  limestone  company  tracts  in  this  area  there  is  a  far 
larger  tonnage  of  the  so-called  low-grade  stone  which  could 
be  worked  for  these  other  purposes  and  plants  should  be 
equipped  to  enter  the  different  stone  markets  and  use  all  their 
stone  resources.  This  is  not  usually  true,  as  they  depend  on 
one  kind  of  stone  at  a  given  place  probably  on  the  theory  that 
the  two  kinds  of  stone  can  not  be  worked  together  without 
some  accidental  mixture  thus  spoiling  the  pure  flux  stone.  In 
the  large  Ohio  quarries,  the  work  is  carried  on  both  lines  of 
low  and  high  silica  stone  and  without  any  trouble.  Some  of 
those  quarries  run  by  day  on  flux  stone  and  at  night  on 
ballast.  This  insures  a  varied  market  so  that  when  business 
is  dull  on  one  line  they  can  crowd  the  other.  In  this  section 
the  flux  stone  is  also  crushed  for  ballast  and  seems  to  find  a 
good  market.  In  reality  it  makes  a  very  paor  ballast  being 
readily  crushed  on  the  road-bed  and  proves  quite  dusty,  fur- 
ther it  is  too  valuable  to  be  used  for  this  common  purpose  and 
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should  be  reserved  for  the  steel  trade  and  for  caustic  lime. 
Adjoining  the  high-grade  stone  is  nearly  always  a  hard  bluish- 
black  to  black  limestone  or  dark-gray,  hard,  compact,  resistant 
limestone  of  the  Beekmantown  Formation  that  is  an  ideal  bal- 
last rock.  If  the  railroads  would  begin  using  this  rock  they 
would  soon  not  even  consider  the  white  brittle  rock.  Yet  at 
the  present  time  there  is  not  a  company  in  this  section  quarry- 
ing this  grade  of  rock  of  which  there  is  such  a  large  quantity. 

The  National  Company  has  opened  a  quarry  in  the  broad 
area  at  the  north  where  the  East  and  West  Fork  belts  seem 
to  come  together.  This  is  a  very  favorable  location  for  large 
quarries  and  it  is  worked  by  hand,  loaded  into  quarry  cars  and 
hauled  by  small  engines  some  distance  to  a  small  gyratory 
crusher  and  there  reduced  to  proper  size  and  loaded  direct 
into  railroad  cars.  This  quarry  is  about  25  feet  deep  and  so 
far  there  is  no  water  in  it  and  no  pumping  required.  The  stone 
is  of  the  same  high-grade  as  in  the  other  openings.  The  main 
belts  of  pure  limestone  on  this  property  average  250  feet  in 
width  and  there  is  a  very  large  tonnage  available.  The  stone 
from  the  quarries  is  crushed  in  the  small  crusher  at  the  fourth 
quarry,  and  in  the  others  is  loaded  direct  on  cars  as  one-man 
stone  or  hauled  to  the  plant  and  there  crushed. 

The  National  plant  is  a  modern  steel  and  concrete  build- 
ing equipped  with  the  latest  and  most  efficient,  large-capacity 
and  labor-saving  machinery.  It  is  so  different  in  its  operation 
from  the  other  plants  that  it  merits  a  detailed  description. 
The  building  is  fire-proof  and  covers  a  floor  space  50  by  220 
feet  and  is  60  to  110  feet  high. 

The  low  building  at  the  right  has  two  floors.  On  the 
upper  floor  is  the  hopper  of  the  crusher  and  the  railroad 
tracks;  on  the  lower  are  the  crusher  and  motors,  with  a  pit 
below,  36  feet  in  depth,  containing  the  lower  discharge  hop- 
per, tracks  of  the  skip  hoist,  and  smaller  motors.  The  tower 
building,  seven  stories  in  height  (110  feet),  contains  the 
screens  and  storage  hopper  and  bin.  At  the  top  of  the  build- 
ing the  ski])  cars  on  the  hoist  discharge  their  loads  of  crushed 
stone  over  the  screens  into  the  Storage  bins.     A  third  building 
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not  yet  erected  will  contain  the  fine-grinding  machinery  and 
sorting  screens  for  by-product  manufacture. 

The  central  feature  of  the  whole  operation  of  this  plant  is 
the  great  crusher,  the  invention  of  Thomas  A.  Edison,  and 
installed  by  the  Edison  Crushing  Roll  Company.  This  crusher 
consists  essentially  of  two  rolls  seven  feet  long  and  six  feet 
in  diameter,  on  which  are  bolted  heavy  iron  plates  containing 
numerous  projections  or  knobs.  These  knobs  are  of  the  same 
size  and  shape  about  two  inches  high,  except  on  one  roll,  the 
slugger,  which  has  two  rows  of  slugger  plates  on  diametrical^ 
opposite  sides  of  the  roll,  on  which  the  knobs  are  of  little 
greater  height  and  steeper  face. 

Each  roll  complete  with  plates  weighs  45  tons,  and  they 
are  set  parallel  and  revolved  in  opposite  directions  by  separate 
200-horse-power  motors  at  a  velocity  of  175  revolutions  per 
minute.  The  knobs,  and  especially  the  slugger  knobs,  thus 
strike  the  rock  like  a  multitude  of  sledge  hammers,  shattering 
rather  than  grinding  the  stone,  with  a  low  percentage  of  fines 
or  screenings.  Large  blocks  of  8  to  10  tons  weight  are  thus 
broken  in  a  few  seconds  of  time.  The  rolls  are  readily  adjusted 
in  distance  apart,  and  may  be  set  to  crush  to  eight  inches,  or 
to  blocks  several  feet  in  diameter. 

The  upper  hopper  of  the  crusher  will  admit  blocks  7  to 
10  feet  in  size.  A  block  of  20  tons  weight  was  crushed  in  this 
plant,  consuming  25  seconds  of  time.  This  would  be  at  the 
rate  of  3,000  tons  per  hour.  The  theoretical  capacity  computed 
from  the  size  of  the  rolls  and  revolutions  per  minute  is  about 
55,000  tons  a  day.  The  working  capacity  of  the  rolls  depends 
on  the  capacity  of  the  elevators  for  removing  the  crushed  stone 
from  the  crusher,  which  at  the  National  plant  is  1,000  tons  an 
hour,  or  10,000  tons  a  day. 

The  advantages  of  the  Edison  roll  crusher  are,  low  blast- 
ing cost  at  quarry  as  larger  blocks  can  be  used,  low  percentage 
of  screenings  due  to  the  sledge-like  action  of  the  rolls,  low 
labor  cost  as  10  to  12  men  represent  the  total  force  required 
to  operate  the  entire  plant,  car  loading  and  switching. 

In  nearly  all  crushed-stone  plants  the  rock  is  transferred 
from  the  crusher  to  the  top  of  the  elevated  screens  by  bucket 
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conveyors  or  elevators,  a  series  of  rectangular  steel  buckets 
fastened  to  an  endless  chain  running  over  small  pulleys. 
When  these  buckets  are  large  enoiigh  to  give  a  capacity  of 
3,000  to  5,000  tons  a  da3^,  there  is  an  enormous  weight  in  the 
elevator  requiring  a  high  consumption  of  power  and  also  a 
high  expense  of  wear  and  tear.  Rock  fragments  are  apt  to 
become  lodged  between  the  buckets,  causing  breakage  and  the 
resultant  interruption  in  the  work.  In  the  National  plant,  to 
overcome  these  troubles  a  double-track  skip  hoist  was  installed 
similar  to  those  in  the  iron  blast-furnaces.  The  hoist  incline 
is  140  feet  long,  set  at  an  angle  of  50  degrees,  and  leads  from 
the  bottom  of  the  pit  under  the  roll  crusher  to  the  top  of  the 
high  screen  house.  On  this  incline  are  two  tracks  which 
merge  into  one  at  the  bottom  under  the  crusher.  Two  steel 
skip  cars  are  drawn  up  the  incline  by  steel  cables  passing  over 
two  large  sheave  wheels  at  the  top  of  the  tower  building, 
thence  down  to  the  hoist  drum.  The  arrangement  is  such  that 
as  the  loaded  car  is  drawn  up  the  incline,  the  empty  one  passes 
down.  The  skip  cars  weigh  10  tons  each  and  hold  about  20 
tons  each  of  crushed  stone.  On  the  rear  axle  of  the  cars  are 
two  wheels  outside  the  gauge  of  the  four  wheels  of  the  car. 
The  outside  wheels  run  on  a  wider  gauge  track  at  the  top  of 
the  hoist,  and  this  track  rises  to  a  perpendicular  plane,  thus 
elevating  the  rear  of  the  car  until  at  the  end  of  the  operation 
the  car  is  tilted  at  an  angle  of  45  degrees,  discharging  its  entire 
load  over  the  screens.  On  this  hoist  a  car  of  20  tons  can  be 
dumped  every  minute,  or  a  capacity  of  1,200  tons  an  hour.  The 
hoist  is  operated  by  a  375-horse-power  electric  motor,  and  is 
controlled  by  a  magnetic  automatic  switchboard  containing  14 
magnet  switches,  which,  in  their  action  by  contact,  start  the 
cars,  reverse  the  direction  of  movement,  retard  and  accelerate 
the  speed  of  the  cars,  stop  the  cars  at  the  top  of  the  incline, 
set  the  emergency  brakes  in  case  of  overload  or  loss  of  cur- 
nut.  The  control  switch  is  near  the  crusher  and  remote  from 
the  main  switchboard.  When  this  switch  is  thrown  at  the 
crusher,  the  car  starts  slowly  from  under  the  crusherj  then 
es  with  increased  speed  up  tli<'  incline,  automatically  slow- 
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ing  down  at  the  top,  discharging  its  load  slowly  over  the 
screens.  In  case  of  any  accident  in  its  operation  or  running 
the  car  past  its  proper  terminus,  automatic  safety  brakes  are 
set,  stopping  the  car  instantly.  - 

Nearly  all  crushed-stone  plants  use  rotating  cylindrical 
screens  and  by  such  operators  they  are  considered  the  best 
form  of  screen.  The  opinion  of  the  builders  of  this  plant  was 
that  a  better  screening  system  could  be  devised.  Whether  the 
system  in  use  at  the  National  plant  is  any  improvement  over 
the  other  methods  is  a  subject  of  dispute  among  stone  engi- 
neers. It  does  represent  a  very  great  saving  in  power  and  an 
increase  in  capacity,  but  it  is  claimed  by  many  that  the  screen- 
ing is  not  as  complete.  It  is  difficult  to  judge  of  the  value  of 
this  system  at  the  National  plant  because  the  system  has  not 
been  completed.  It  works  well  as  far  as  it  is  installed  on  the 
larger  sized  rock,  but  on  screenings  and  into  ballast  and  con- 
crete size  stone  the  system  is  not  installed.  In  some  Ohio 
plants  where  the  system  is  complete,  the  results  are  claimed 
by  operators  to  be  satisfactory  and  a  great  improvement  over 
the  power  screens.  In  this  plant  the  Edison  stationary  bar 
screens  are  used.  The  screen  is  a  series  of  parallel  steel  plate 
bars  set  at  the  required  angle.  There  are  three  sets  of  these, 
and  the  stone  is  dumped  from  the  skip  hoist  car  on  the  first 
set  of  bars,  thence  falling  to  the  other  two  sets.  The  larger 
flux  stone  passes  over  the  screens  into  the  storage  bin,  from 
which  it  is  loaded  through  chutes  into  the  railroad  cars.  The 
2^2-inch  stone  and  smaller  sizes  drop  through  the  screens  and 
are  carried  by  a  conveyor  belt  to  other  stationary  perforated 
screens  which  separate  the  stone  into  ballast  and  fine  screen- 
ings. 

The  entire  plant  is  operated  by  electricity.  The  power  is 
obtained  from  the  power  company  on  the  Shenandoah  River, 
19  miles  distant,  and  at  reasonable  cost.  The  current  comes 
into  the  transformer  house  with  22,000  volts  and  is  there 
stepped  down  in  three  oil  transformers  to  440  volts  for  use  in 
the  plant  motors.  All  the  wiring  is  in  iron  conduits  avoiding 
exposed  wires.  In  the  plant  are  two  200-horse-power  motors, 
one  375,  one  SO,  two  IS,  and  one  3,  or  a  total  of  seven  motors, 
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with  three  switchboards  with  automatic  magnet  controls. 

When  the  quarry  cars  come  to  the  plant,  the  car  is  stopped 
at  the  side  of  the  hopper  and  the  hoist  cable  attached  to  the 
side  of  the  skip  on  the  quarry  truck,  which  is  raised  and  tipped 
into  the  hopper  by  an  electric  automatic  hoist  operated  by  a 
50-horse-power  motor.  After  unloading,  a  reversal  of  the 
machine  drops  the  skip  back  into  place  on  the  car  truck.  A 
15-ton  load  of  stone  is  dumped  and  the  skip  set  back  in  place 
ready  for  another  car  to  dump  in  one  minute. 

CHAMBERSBURG  LIMESTONE. 

Above  the  Stones  River  Formation  is  the  Black  River  or 
Chambersburg  Limestone  with  a  thickness  of  200  to  about 
600  feet,  which  shows  a  tendency  on  weathered  outcrop  to 
form  a  cobbly  surface  due  to  weathering  along  cross  joints 
filled  with  clayey  material.  The  basal  layers  are  very  shaly 
in  many  exposures  and  they  disintegrate  under  the  weather, 
while  the  upper  ledges  are  more  massive  and  would  form  a 
good  quarry  rock.  This  limestone  forms  narrow  outcrops  along 
those  of  the  Stones  River  in  typical  exposures  separating  that 
formation  from  the  shales. 

It  is  used  in  a  few  places  in  small  openings  to  supply  stone 
for  public  roads.  One  quarry  was  opened  some  years  ago  at  the 
side  of  the  Cumberland  Valley  Railroad  one-half  mile  north- 
east of  Falling  Waters  and  used  for  ballast  during  the  con- 
struction of  this  railroad.  It  here  is  a  dark-gray  limestone, 
quite  hard,  and  breaks  with  a  slightly  shelly  or  conchoidal 
fracture.  It  contains  stringers  of  calcite,  also  rhombic  crystals 
of  this  mineral  along  the  joint-planes.  The  ledges  are  solid 
so  that  large  blocks  could  be  quarried.  The  stone  on  analysis 
(No.  1)  runs  a  little  over  4  per  cent,  silica.  This  limestone 
outcro])  is  surrounded  by  shales,  being  a  small  anticline  pro- 
jecting above  the  surrounding  shales.  It  extends  north  to  the 
\\  illiamsport  Pike  and  south  to  Bedington  with  a  length  of 
five  miles.  It  could  be  opened  a!  a  number  of  different  places 
'.,i    this   Outcrop,  but   at    this  quarry    the   stone   is  well   opened 
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with  a  face  exposed  of  12  to  15  feet,  and  it  should  be  a  valuable 
location  for  an  operating  quarry  to  supply  stone  for  the 
county  roads. 

A  small  road  quarry  was  opened  in  this  same  limestone  on 
another  outcrop  one-half  mile  northwest  of  the  Falling  Waters 
Schoolhouse,  or  about  a  mile  distant  from  the  last-named 
quarry.  The  rock  on  analysis  shows  a  very  similar  composi- 
tion (No.  8),  but  runs  somewhat  higher  in  magnesia.  This 
limestone  dips  20  degrees  southeast  and  is  black  or  dark-blue 
in  color,  very  hard  with  slightly  shelly  fracture.  The  opening 
is  small,  but  the  run  forms  waterfalls  over  a  number  of  ledges 
of  this  stone,  and  a  good  road  material  quarry  could  be  opened 
here. 

The  Chambersburg  Limestone  along  the  belt  where  the 
first  sample  was  taken  was  again  sampled  on  the  south  bank 
of  the  Potomac  one  mile  to  the  south  where  it  presents  a  sim- 
ilar appearance  to  the  number  8  outcrop,  being  a  hard,  slaty 
black  limestone,  but  it  weathers  to  a  light-gray  color  and 
breaks  along  smooth  surfaces.  In  chemical  composition  (No. 
40)  it  is  quite  similar  to  that  at  the  quarry  on  the  same  belt 
above  Falling  Waters  at  the  railroad. 

The  three  analyses  show  a  close  agreement  in  chemical 
composition  in  locations  more  or  less  distant  from  each  other. 
There  is  a  large  quantity  of  this  Chambersburg  Limestone 
over  the  area  and  to  the  eye  the  limestones  in  the  different 
outcrops  appear  to  be  quite  constant  in  their  character. 

No.  1.  No.  8.  No.  40. 

Silica 4.20  4.04  3.87 

Lime  carbonate 91 .  71  90.61  92 .  63 

Magnesium  carbonate 2.54  4.08  2.41 

Iron  and  alumina 1 .  85  1.59  0 .  62 

100.30  100.32   99.53 

BEEKMANTOWN  LIMESTONE. 

A  narrow  belt  of  Beekmantown  Limestone  is  faulted 
against  the  Martinsburg  Shales  at  the  foot  of  North  Mountain 
to  the  south  of  Hedgesville.     A  sample  of  this  belt  was  taken 
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on  the  Dry  Run  grade  road  just  west  of  the  lane  to  the  south, 
(No.  49). 

A  broader  belt  extends  from  the  Potomac  west  from 
Falling  Waters,  southwest  to  Martinsburg  across  the  county. 
Another  broad  belt  extends  from  the  river  in  the  northeastern 
corner  of  the  county  southwest  by  Kearneysville,  Summit 
Point,  to  the  Virginia  Line.  No  large  quarries  are  opened  in 
the  two  western  belts,  but  numerous  roadside  quarries  have 
been  opened  to  supply  road  material.  In  the  eastern  belt 
there  are  large  quarries  for  ballast  at  Kearneysville,  which  are 
described  in  a  previous  section  of  this  Chapter. 

At  a  number  of  places,  especially  in  the  eastern  Beekman- 
town  area,  strata  of  fairly  high-grade  limestone  outcrop. 
While  they  are  not  as  low  in  silica  as  the  Upper  Stones  River 
Limestones,  yet  they  represent  very  pure  limestone.  They 
are  of  doubtful  value  for  open-hearth  steel  flux,  but  are 
valuable  in  a  number  of  other  ways.  These  higher-grade 
Beekmantown  Limestones  are  described  in  the  next  Chapter. 
The  dolomites  of  this  formation  are  discussed  under  that 
heading  in  a  preceding  section  of  the  present  Chapter. 

Over  much  of  the  outcrop,  the  Beekmantown  Limestone 
is  a  solid-bedded  rock  of  compact  texture,  available  for  roads, 
ballast,  or  lime.  It  often  has  a  bluish-gray  to  blue  color,  and 
is  seamed  by  calcite.  It  is  a  durable  rock  on  exposure  and 
large  quarries  could  be  opened  at  many  places  near  the  rail- 
roads, as  at  Martinsburg,  Van  Clevesville,  to  Kearneysville, 
and  south  near  Summit  Point,  and  west  of  Charlestown,  also 
at  various  points  southwest  of  Martinsburg  on  the  Cumber- 
land Valley  Railroad. 

The  Potomac  River  is  bordered  by  cliffs  of  Beekmantown 
from  the  new  railroad  grade  west  toward  dam  No.  5.  Most 
of  the  ledges  are  rather  high  in  silica  and  magnesia,  but  there 
arc  also  ledges  of  fairly  low  silica  stone.  Samples  were  taken 
at  a  number  of  places  along  these  cliffs.  No.  11  is  the  lime- 
stone from  the  small  quarry  west  of  the  Pittsburgh  Limestone 
Company's  quarries.  No.  12  was  700  feet  east  of  the  new  rail- 
road.    No.   13  is  from  a  small  quarry  opened  just  west  of  the 
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railroad  grade  to  furnish  stone  for  the  concrete  piers  of  the 
river  bridge.  No.  14  is  from  a  series  of  ledges  with  width  of 
7$  to  100  feet  and  located  50  feet  west  of  the  railroad  grade 
quarry.    No.  15  was  taken  about  a  mile  west  of  the  grade. 

Further  south  and  about  one-eighth  mile  west  of  Haines- 
ville  toward  Nipetown,  sample  No.  47  was  taken,  while  No 
48  is  of  exceptional  low  silica  rock  for  this  formation  and 
suggests  Stones  River.  This  sample  was  taken  on  curve  of 
road  just  east  of  Nipetown.  On  this  belt  just  west  of  the 
Cumberland  Valley  Railroad  at  Darkesville,  No.  188  was 
taken.  On  the  belt  east  of  Opequon,  sample  No.  29  is  from  the 
county  road  just  south  of  the  bridge  over  the  creek  near  its 
mouth. 

No.  49     No.  11      No.  12      No.  13       No.  14 

Lime  carbonate 53.96       89.64       91.66       87.00       89.20 

Magnesium  carbonate.   32.50         7.26         6.16         7.32         2.61 

Iron  and  alumina 3.82         0.85         0.71         0.80         1.24 

Silica 9.43         2.49         1.37         4.66         6.10 

99.71  100.24   99.90   99.78   99.15 

No.  15  No.  47  No.  48  No.  188  No.  29 

Lime  carbonate 94.20  98.59  98.47  93.79  89.01 

Magnesium  carbonate.     3.09  0.88  0.77  3.12  6.34 

Iron  and  alumina 0.26  0.39  0.25  0.41  0.45 

Silica 2.64  0.42  0.80  2.69  3.97 

100.19  100.28  100.29  100.01  100.37 

No.  49  from  the  narrow  belt  near  the  mountain  is  seen  to 
be  a  dolomite,  high  in  silica.  It  has  a  light-gray  color  and 
weathers  almost  white.  It  shows  numerous  streaks  and  spots 
of  calcite.  No.  11  is  under  the  dolomite  (No.  10,  page  386) 
and  is  dark-gray,  compact  in  some  ledges,  and  granular  in 
others.  It  breaks  with  shelly  fracture  and  so  resembles  the 
high-grade  limestone  but  the  silica  is  high  for  the  pure  lime- 
stone. No.  12  is  lower  in  silica  than  the  last  and  varies  in 
color  from  light-  to  dark-gray.  It  shows  some  bird's-eye  cal- 
cite and  breaks  with  smooth  surfaces  and  resembles  in  out- 
crop the  Upper  Stones  River.  A  few  ledges  are  coarsely 
granular  composed  of  a  mass  of  calcite  rhombs  in  a  less  granu- 
lar matrix. 

No.  13  from  the  railroad  small  quarry  is  higher  in  silica 
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than  the  others  further  east.  This  limestone  shows  small 
Gasteropod  shells  and  some  oolite.  It  is  dark-gray  in  color, 
and  "edgewise  beds"  are  found  in  the  limestone  on  the  rail- 
road grade,  above  this  rock.  It  dips  east  65  degrees,  and  is  a 
very  hard,  mostly  compact  limestone.  No.  14  is  a  dark-gray 
limestone  and  mostly  compact  with  a  few  granular  lighter- 
gray  ledges.  No.  15,  nearly  a  mile  west  of  No.  14,  is  a  light- 
gray  limestone  breaking  with  smooth  surfaces  and  looks  on 
outcrop  like  a  fairly  high-grade  limestone.  It  is  high  in  car- 
bonate of  lime  and  contains  calcite.  This  outcrop  is  150  feet 
wide  and  dips  80°  east.  Nos.  47  and  48  are  very  unusual  types 
for  Beekmantown  and  would  be  classed  by  appearance  and 
composition  with  Upper  Stones  River,  but  stratigraphically 
they  are  in  the  Beekmantown.  No.  188  is  a  very  dark  lime- 
stone, almost  black,  and  represents  a  large  surface  area  in  this 
locality  of  Darkesville.  No.  29  is  a  very  dark,  almost  black, 
rock  with  stringers  and  nodules  of  calcite.  It  weathers  to  a 
gray  surface,  and  some  of  the  ledges  are  bluish-gray  color  and 
somewhat  granular. 

THE  CONOCOCHEAGUE  LIMESTONE. 

Extending  from  the  Potomac  River  to  the  east  and  west 
of  Little  Georgetown  and  thence  southwest  is  a  broad  belt  of 
the  Conococheague  Limestone  which  is  opened  at  some  places 
for  small  road  material  quarries,  but  no  regular  work  is  car- 
ried on  in  them,  and  they  are  merely  small  holes,  scarcely  de- 
serving the  name  of  quarries.  This  limestone  is  found  in  man)' 
places  over  the  area  in  solid  ledges  which  are  very  hard  and 
apparently  durable  under  the  action  of  the  weather.  Some  of 
this  stone  has  a  bluish-gray  color,  that  if  durable  should  make 
a  beautiful  trimming  stone  for  buildings.  This  stone  is  seen 
in  foundations  and  in  stone  houses  over  the  belt,  some  of 
which  date  back  over  a  hundred  years,  yet  the  stone  is  solid 
and  firm  and  of  good  color,  and  the  houses  look  as  if  they 
might  have  been  built  in  recent  years.  Ornamental  effects 
could  be  obtained  by  the  use  of  the  oolitic  ledges  or  the  banded 
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stone  which  when  polished  would  have  an  agate-like  appear- 
ance. 

Some  of  the  ledges  on  analysis  show  a  remarkably  pure 
rock,  high  in  lime  carbonate  and  comparatively  low  in  silica, 
but  the  average  outcrops  show  a  higher  percentage  of  silica 
and  the  formation  is  often  described  as  a  siliceous  limestone 
which  is  not  strictly  correct.  The  silica  is  not  high  enough 
to  form  a  siliceous  rock.  Pink  marble  is  described  in  the 
formation  in  Pennsylvania,  and  in  this  area  some  of  the  ledges 
show  a  pink  cast.  The  outcrop  of  the  formation  along  the 
railroad  cuts  shows  massive  ledges  from  which  blocks  of  large 
size  could  be  obtained,  and  would  give  encouragement  to  good 
stone  in  quarries  at  shallow  depths. 

Another  broad  belt  of  this  limestone  outcrops  in  Jefferson 
County  from  the  Potomac  River  north  of  Shepherdstown  at 
Terrapin  Neck  southwest  across  the  county.  In  this  belt  the 
stone  is  quarried  on  a  small  scale  here  and  there  for  road 
material,  but  like  the  Berkeley  County  belt  no  great  use  is 
made  of  this  limestone  and  no  large  quarries  have  ever  been 
opened. 

This  stone  should  be  valuable  in  its  higher-grade  strata 
for  lime.  Many  ledges  would  make  a  durable  and  pleasing 
building  stone.  On  account  of  its  hardness  it  would  make  a 
very  durable  ballast  for  railroads.  It  is  a  good  road  material, 
and  greater  use  along  this  line  should  be  encouraged  for  the 
benefit  of  the  roads,  especially  in  Berkeley  County.  It  is  much 
more  valuable  for  roads  and  ballast  than  the  Stones  River  low 
silica  limestone  which  is  too  brittle  for  No.  1  ballast. 

The  siliceous  banded  limestone  of  this  formation  would 
run  high  in  silica,  and  much  of  the  limestone  is  very  siliceous. 
Ledges  of  fairly  pure  limestone  occur  in  which  the  silica  is 
not  very  great  in  amount.  One  outcrop  was  sampled  near 
Spring  Mills  (No.  43),  and  another  of  the  limestone  one  and  a 
half  miles  north  of  Dumelds  in  a  roadside  quarry  on  the  Shep- 
herdstown road  just  north  of  fork  east  to  Uvilla  (163).  Sam- 
ple "A"  is  this  limestone  at  Shepherdstown,  "B"  is  just  west 
of  the  town,  while  "C"  is  the  siliceous  banded  rock  east  of 
town  not  far  from  cement  quarries. 
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No.  43  No.  163       "A"  "B" 

Lime  carbonate 93 .  72  71.09 

Magnesium  carbonate.     1.92  13.94 

Iron  and  alumina 1.12         3.69 

Silica 3.13  10.65 

99.89       99.37       98.44       97.28       98.93 

ELBROOK  LIMESTONE. 

Below  the  Conococheague  Limestone  is  the  Elbrook 
Formation  composed  in  large  part  of  flaggy  or  shaly  buff 
limestones  which  weather  to  shales  or  thin  flaggy  plates.  In 
the  formation  are  flaggy  and  solid  ledges  which  have  the 
proper  composition  for  the  manufacture  of  natural  hydraulic 
cement.  This  cement  limestone  outcrops  in  the  high  bluffs 
along  the  Potomac  east  of  Shepherdstown  and  was  there  made 
into  cement  for  many  years.  This  industry  and  the  limestones 
of  the  river  cliffs  are  more  fully  described  in  Chapter  XVI  of 
this  Report. 

In  these  cement  limestone  cliffs,  the  limestone  is  high  in 
magnesium  so  that  they  are  dolomitic  limestones  and  some  of 
the  ledges  are  high  in  silica  and  break  with  a  sandy  surface. 
These  are  illustrated  by  the  following  analyses  made  in  1905 
for  Volume  III  (p.  512)  of  the  Survey  Reports.  No.  51  was 
used  at  the  mill  but  burned  to  a  clinker  which  had  to  be 
ground.  Nos.  106  and  112  were  regarded  as  especially  adapted 
to  the  cement  manufacture.  No.  108  is  a  blue  rather  hard  lime- 
stone of  higher  degree  of  purity,  but  it  was  not  adapted  to  the 
cement  manufacture,  while  No.  114,  a  rather  thin  ledge  onty 
a  few  feet  thick,  is  of  exceptional  purity  for  this  formation 
and  it  is  an  unusual  type  in  the  Elbrook: 

No.  51  No.  106  No.  112  No.  108  No.  114 

Lime  carbonate 43.67       47 .  42       68.79  90 .  18  94 .  82 

Magnesium  carbonate.  21.99      29.78      17.04  3.27  4.45 

Alumina    11.55         5.68         2.72  0.91  0.08 

Iron    3.29          2.06         1.63  1.03  0.82 

Silica      16.73        13.44       10.32  4.84  0.70 

Near  the  middle  of  the  Elbrook  Formation  arc  solid 
ledges   of   dolomitic    limestone,   often    banded    and    resembling 
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the  Conococheague.  These  are  exposed  in  the  railroad  cuts 
west  of  Cumbo,  along  the  Baltimore  and  Ohio  Railroad  east 
of  Dumelds,  east  of  Charlestown,  and  Rippon,  and  a  number 
of  other  places.  The  hard  dark-blue  Elbrook  Limestone  was 
sampled  at  Charlestown  below  the  red  clay  at  the  Valley 
Brick  Company  pits,  No.  178,  which  shows  a  limestone  rather 
low  in  silica,  but  magnesian : 

No.  178 

Lime  carbonate 86 .  29 

Magnesium  carbonate 11 .  17 

Iron  and  alumina 0 .  52 

Silica    1.73 

A  large  portion  of  the  Elbrook  Limestone  outcrop  is  a 
shaly  limestone  grading  into  shales.  A  sample  of  the  Elbrook 
Shale  was  taken  on  the  county  road  about  a  half  mile  south 
of  Reedson  (172).  The  analysis  shows  it  to  be  very  low  in 
lime,  but  fairly  high  in  magnesia  and  potassium.  It  is  a  mag- 
nesium aluminum  silicate  shale : 

No.  172 

Silica    56 .  11 

Alumina   15 .  75 

Iron  oxide 6.81 

Lime   oxide 1.04 

Magnesium   oxide 8.19 

Potassium   oxide 4.19 

Sodium  oxide 1.58 

Water   0.57 

Loss  on  ignition 5.52 

99.76 
WAYNESBORO  LIMESTONE. 

A  small  outcrop  of  the  Waynesboro  Formation  is  found 
along  the  foot  of  North  Mountain  south  from  Hedgesville, 
but  the  large  outcrop  is  in  the  eastern  part  of  Jefferson  County. 
It  is  composed  of  shales,  sandstones,  and  limestones.  It  is 
quarried  on  a  large  scale  at  Engle,  and  Bakerton,  two  miles 
north  of  Engle  Station ;  also  in  numerous  small  roadside 
quarries.  It  is  burned  into  lime  at  both  of  these  towns,  and 
also  crushed  for  ballast  at  Engle.  These  quarries  have  been 
described  in  a  preceding  section  of  this  Chapter.  The  lime- 
stone is  low  in  silica  with  fairly  high  percentage  of  lime  car- 
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bonate  as  shown  by  the  analyses  given  under  description  of 
these  quarries. 

In  the  formation  are  white  and  bluish-white  marbles, 
finely  granular  and  glistening,  which  have  never  been  worked 
except  for  road  material.  There  also  occur  very  hard,  deep- 
blue  limestones,  and  siliceous  blue  limestones.  Associated 
with  the  marble  are  sericitic  limy  shales.  The  limestones  are 
burned  at  various  places  in  field  kilns  for  agricultural  lime, 
especially  in  the  Moler  Crossroads  section  of  northeastern 
Jefferson  County. 

A  number  of  analyses  were  made  of  the  limestones  from 
these  small  quarries.  No.  151  is  from  a  roadside  quarry  in  the 
deep-blue,  hard  limestone,  three-fourths  mile  northeast  of 
Reedson.  No.  179  is  the  white  marble  higher  in  the  Waynes- 
boro and  from  near  Flowing  Springs  north  of  Charlestown. 
No.  158  is  from  a  field  quarry  for  lime  located  three-fourths 
mile  northeast  of  Moler  Crossroads  in  the  northeastern  part 
of  Jefferson  County.  It  is  a  white  marble,  compact,  and  asso- 
ciated with  the  sericitic  shales.  A  half  mile  further  northeast 
in  the  bed  of  the  run  is  an  outcrop  of  gray  dolomite,  No.  159. 
Further  down  this  run  is  an  old  quarry  and  abandoned  lime- 
kiln. The  limestone  is  dark-blue,  No.  160.  About  100  feet 
from  the  Potomac  River  on  this  run  are  heavy  ledges  of  dark- 
blue,   very   hard   limestone,   with   sandy   weathered   surfaces, 

No.  161. 

No.  151  No.  179  No.  158  No.  159  No.  160  No.  161 

Lime  carbonate 92.23  93.82       91.59  46.44  97.36       66.18 

Magnesium  carbonate  4.95  3.15         5.31  33.80  1.85       21.77 

Iron  and  alumina 0.51  0.37         0.35  5.05  0.22         0.99 

Silica 1.62  2.30         2.52  12.90  0.34       11.41 

Potassium   oxide 1.19       1.66       

Sodium  oxide 0.36       0.33       

100.86       99.64       99.77     100.18       99.77     100.35 

The  Waynesboro  Limestone  was  sampled  on  the  east-and- 
west  lane  a  mile  south  of  the  Potomac  and  a  mile  and  a  half 
north  of  Moler  Crossroads,  No.  162,  which  is  a  white  marble. 
A  mile  and  a  half  east  of  Engle,  in  the  blue  hard  limestone 
outcrop,  are  ledges  <>f  granular,  crystalline  dolomites,  gray  in 
color,  No.  192.    No.  171  is  a  grayish-white  siliceous  limestone 


WEST   VIRGINIA   GEOLOGICAL   SURVEY.  425 

or  shale  on  the  road  just  south  of  the  Engle  quarry.  No.  174 
is  a  similar  rock  but  harder  and  more  compact  with  some  seri- 
citic  surfaces  and  located  just  south  of  railroad  track  on 
county  road  a  mile  west  of  Halltown.  The  white  marbles  were 
sampled  near  Kabletown.  No.  167  is  just  west  of  the  Kable- 
town  Pike  on  the  road  that  leads  northwest  to  Charlestown 
about  a  mile  and  a  half  north  of  Kabletown.  No.  169  is  from 
roadside  quarry  on  Bullskin  Run,  just  west  of  Kabletown. 

No.  162  No.  192  No.  171  No.  174  No.  167  No.  169 

Lime    carbonate 94.90  47.21  28.05  38.08  70.80  95.03 

Magnesium  carbonate      2.50  34.33  17.01  33.29  24.68  3.30 

Iron  and  alumina....     0.23  i.68  2i.46  4.03  0.82  0.49 

Silica 2.60  15.90  29.6ri  22.26  3.45  1.27 

Potassium  and  sodium 

oxides    0.36  4. 39  2.21  

100.23  100.56  100.58   99.87   99.75  100.09 

The  peculiar  smooth  sericitic  shales  with  soapy  feel  and 
cream  to  greenish-gray  color  associated  with  the  white  mar- 
bles of  the  Waynesboro  are  very  common.  They  form  broad 
belts  in  the  Potomac  Limestone  Company  quarry  at  Engle. 
No.  152  sample  was  taken  three-fourths  mile  northeast  of 
Reedson  and  about  500  feet  east  of  the  blue  limestone  sample 
No-  151.  It  is  over  the  white  marble.  No.  221  is  the  sericitic 
shale  with  the  limestone  near  Dupuy  Mill,  about  two  miles 
west  of  Harpers  Ferry.     "A"  is  from  the  Engle  quarry  from 

sample  taken  in  1905  : 

No.  152  No.  221  "A" 

Silica    24.49  22.73  42.95 

Almnina    12.77  0.90  9.13 

Iron  oxide 3.57  1.31  2 .  02 

Lime  oxide 21.08  24.59  11.40 

Magnesium  oxide 7.33  15.25  12.15 

Potassium   oxide 1.96  1.82  5.50 

Sodium  oxide 0 .  68  0 .  69  0.39 

Loss  on  ignition 3 .  72  32.29  15 .  17 

TOMSTOWN  LIMESTONE. 

The  Tomstown  Limestones  below  the  Waynesboro  are 
only  found  in  this  area  in  two  outcrops  in  the  eastern  part  of 
Jefferson  County.  In  the  northern  outcrop  east  of  Bakerton, 
dolomites  and  a  blue  siliceous  limestone  are  associated  with 
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the  iron  ore  deposits.  No.  155  is  a  bluish,  hard,  slightly  granu- 
lar dolomite  below  the  red  clay  and  ore  deposit.  No.  153  is 
further  west  on  the  county  road  and  is  not  associated  with  the 
ore  but  looks  like  the  same  limestone.  No.  200  is  a  light-blue 
limestone,  very  hard  and  in  almost  horizontal  ledges  formerly 
quarried  for  road  material.  Under  lens  it  is  very  granular  in 
texture.  This  outcrop  is  south  of  the  ore  mines  in  a  field  near 
the  road,  and  differs  from  the  ore  dolomite  in  color,  texture, 
and  inclination  of  the  beds.  No.  156  is  a  brown,  irregular 
limestone,  full  of  dolomite  crystals  in  stringers  and  cavities 
and  closely  associated  with  the  iron  ore,  and  contains  7.6  per 
cent,  iron  oxide. 

The  only  large  quarry  in  this  outcrop  is  at  the  north  end 
on  the  river  bank  where  the  Knott  quarry  was  opened  man)' 
years  ago  and  stone  shipped  by  the  canal  to  Washington, 
where  it  was  burned  into  lime.  This  quarry  has  been  aban- 
doned for  several  years,  but  the  Standard  Lime  and  Stone 
Company  opened  a  quarry  south  of  the  Knott  to  furnish  lime- 
stone to  its  Bakerton  kilns.  The  two  quarries  are  now  prac- 
tically connected. 

The  limestone  worked  at  this  Standard  quarry  is  a  dark- 
blue,  seamed  by  calcite,  and  somewhat  granular  texture.  It 
gives  a  fetid  odor  when  struck  with  hammer.  The  west  wall 
of  the  quarry  is  a  white  marble  which  was  sampled,  No.  157 : 

No.  155  No.  153  No.  200  No.  156  No.  157 

Lime  carbonate 52.62  54.75  52.35  85.47  98". 65 

Magnesium  carbonate.   42.96  43.68  41.86  1.23  0.95 

Iron  oxide.      |         59  7.60 

Alumina  oxide \  0.58 

Silica    2.44  0.95  3.68  4.29  0.47 

Potassium  and  sodium 

oxides    0.58  0.58       0.91       

LOSS   on   ignition 1.29  

99.19  100.53   99.82  100.08  100.33 

The  Millville  dolomite  outcrop  east  of  this  town  and  north 
to  the  river  was  regarded  as  Tomstown  but  apparently  is  in 
the  Waynesboro.  These  rocks  arc  described  in  a  preceding 
section  of  ibis  Chapter  under  the  head  of  dolomites. 
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OTHER  LIMESTONES  OF  THE  AREA. 

BOSSARDVILLE   LIMESTONE. 

The  Bossardville  Limestone  of  I.  C.  White  or  Tonoloway 
of  the  U.  S.  Geological  Survey,  outcrops  on  both  sides  of 
Ferrel  and  Wilson  Ridges  in  Back  Creek  Valley  of  Berkeley 
County ;  and  in  Morgan  County  along  the  west  side  of  Warm 
Spring  Ridge,  and  on  the  east  side  of  Tonoloway  Ridge.  Its 
characteristic  feature  is  a  distinct  light-  and  dark-banding,  giv- 
ing an  agate-like  effect,  the  so-called  "ribbon  limestone"  of  thu 
Pennsylvania  Survey.  This  structure  is  well  shown  on  the 
edges  of  the  blocks,  and  resembles  foliation  planes,  but  the 
rock  does  not  break  along  them.  The  limestone  is  usually 
bluish-gray  to  dark-gray  in  color,  breaking  in  slabs  or  some- 
what angular  blocks. 

This  limestone  is  quarried  in  roadside  cuts  for  road  ma- 
terial and  was  formerly  used  north  of  Jones  Spring  in  Back 
Creek  Valley  for  lime.  It  is  used  for  lime  at  a  small  one-kiln 
plant  on  the  west  slope  of  Warm  Spring  Ridge  about  three 
miles  southwest  from  Berkeley  Springs.  The  rock  runs  rather 
high  in  silica  for  a  good  lime  and  its  use  has  been  abandoned 
at  the  Jones  Spring  locality  where  the  Helderberg  Limestone 
is  now  used.  The  plant  on  Warm  Spring  Ridge  only  runs 
intermittently  as  a  local  demand  arises.  Some  of  the  ledges 
weather  quite  shaly  and  are  not  then  suitable  for  road  work, 
while  other  ledges  are  solid  but  not  very  thick,  and  are  suit- 
able for  roads. 

At  the  lime-kiln  southwest  of  Berkeley  Springs,  the  lime- 
stone is  slaty,  black-colored,  breaking  in  platy  blocks  with 
somewhat  wavy  surfaces,  and  is  hard  and  compact  (No.  72). 
On  the  east  slope  of  Tonoloway  Ridge,  the  limestone  is  a 
bluish-gray,  not  very  dark,  and  again  slate-colored,  and 
wreathers  to  a  grayish-buff.  It  is  close-grained  and  breaks  in 
platy  blocks  with  quite  smooth  surfaces  (No.  86),  and  is  a 
dolomite  high  in  silica.  There  is  a  long  outcrop  of  this  lime- 
stone in  the  railroad  cut  one  mile  west  of  Hancock  Station 
and  near  the  mouth  of  Grasshopper  Run,  where  it  forms  a 
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high  cliff  of  slaty  gray  limestone  almost  black  in  color  and 
breaks  in  tabular  blocks  (No.  77). 

This  limestone  near  the  top  of  Ferrel  Ridge  on  the  west 
slope  and  to  the  west  of  Butts  Store  varies  from  light-  to 
dark-gray  color  and  has  a  sandy  appearance  and  is  high  in 
silica.  It  is  compact  and  breaks  in  the  smooth  blocks  which 
show  the  striated  edges,  some  of  the  folia  being  quite  wavy 
(No.  51): 

No.  72     No.  86     No.  77     No.  51 

Silica 6.23       16.63         6.94       13.69 

Lime  carbonate 85.54       44.59       79.24       76.02 

Magnesium  carbonate 3.98       30 .  49       10 .  76         5 .  10 

Iron  and  alumina 2.79         5.28         2.65         4.41 

Loss  on  ignition 1.12         3.69         0.04       

99.66     100.68       99.63       99.22 
RONDOUT  WATERLIME   OR   WILLS  CREEK    FORMATION. 

Below  the  Bossardville  Limestone  at  the  localities  given 
above  for  its  outcrops  is  the  Wills  Creek  Formation  of  the 
U.  S.  G.  Survey  or  the  Rondout  Waterlime  of  the  New  York 
Series,  consisting  of  limy  shales  and  shaly  limestones  which 
near  Cumberland,  Maryland,  and  in  New  York  State  were 
burned  into  a  natural  cement  or  waterlime. 

The  natural  cement  industry  is  of  very  little  importance 
at  the  present  time  as  compared  with  that  of  Portland  cement, 
or  as  compared  with  its  history  twenty  years  ago.  It  is  very 
doubtful  if  any  capital  could  be  obtained  to  start  a  natural 
cement  plant  on  the  best  grade  of  materials  in  the  country  in 
the  most  favorable  locations.  In  this  area  such  plants  are  out 
of  the  question,  so  the  value  of  this  formation  on  this  line  is 
nothing. 

In  many  of  the  outcrops  this  formation  would  furnish  the 
basis  for  natural  cement,  and  such  cement  was  made  on  the 
east  slope  of  Tonoloway  Ridge  when  the  Chesapeake  and  Ohio 
Canal  was  building.  In  other  outcrops  the  percentage  of 
alumina  would  be  too  low  for  this  use.  As  a  road  material  it 
is  not  as  valuable  as  the  other  limestones  found'  near  it.  The 
shaly  character  results  in  rapid  disintegration,  and  it  is  not 
much  of  an  improvement  over  shales. 
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An   analysis   was   made   in   the   Survey   laboratory   of   a 

sample  taken  on  the  county  road  about  three-fourths  mile  west 

of  Tomahawk,  which  shows  the  high  content  of  silica  and  the 

low  percentage   of  lime  carbonate.     It  is  in  reality  a  shaly 

iimestone  over  most  of  the  outcrop  : 

Per  cent. 

Silica 25.90 

Lime    carbonate 61 .  47 

Magnesium    carbonate 3.33 

Iron  and  alumina 7.72 

98.42 
HELDERBERG    LIMESTONE. 

Above  the  Bossardville  Limestone  is  the  Helderberg 
which  outcrops  along  the  east  side  of  Tonoloway  Ridge  and 
the  upper  west  slope  of  Warm  Spring  Ridge.  It  is  also  seen 
west  of  Cherry  Run  Station  and  on  Ferrel  Ridge.  It  is  a 
granular  limestone,  bluish-gray  to  deep-bluish  almost  black 
color,  glistening  with  calcite  plates  and  usually  full  of  fossils. 
Some  of  the  ledges  are  compact  and  slaty  in  texture,  and  near 
Tomahawk  certain  ledges  are  high  in  silica.  These  limestones 
are  quarried  and  crushed  at  a  small  plant  on  the  west  slope 
of  Warm  Spring  Ridge  near  Berkeley  Springs,  and  are  burned 
for  lime  at  the  Wheeler  kilns  north  of  Jones  Spring  in  Berke- 
ley County.  They  make  a  good  quality  of  lime  which  appears 
to  be  in  good  demand  among  the  farmers  of  the  Back  Creek 
Valley.  They  are  also  burned  for  lime  west  of  Ridge  Store, 
fourteen  miles  south  of  Berkeley  Springs. 

The  number  of  good  outcrops  and  the  favorable  locations 
relative  to  economy  of  working  and  to  the  farms  over  various 
parts  of  the  counties  of  Morgan  and  Berkeley,  should  lead  to 
a  greater  development  of  these  limestones.  They  are  also 
most  excellent  road  materials  and  a  number  of  small  open- 
ings have  been  made  for  this  purpose.  ,  The  Helderberg  Lime- 
stones carry  several  flint  strata  and  this  hard  flint  has  also 
been  used  on  the  roads,  making  a  very  durable  bed. 

There  are  a  number  of  places  along  the  Warm  Spring 
Ridge  that  this  stone  could  be  opened  to  advantage  and  a 
large  tonnage  obtained.  The  outcrop  is  rather  narrow  but  it 
extends  nearly  the  length  of  the  ridge.     A  sample  was  taken 
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of  the  ledge  at  the  crushing  plant  near  Berkeley  Springs  (No. 
74).  The  stone  is  here  obtained  from  a  pit  quarry  elevated 
and  carried  down  the  slope  by  overhead  cable  to  the  crushing 
plant.  The  stone  is  a  dark-blue  in  color,  quite  hard  and  makes 
a  very  good  road  material.  It  is  now  obtained  from  an  open 
quarry  near  level  of  top  of  incline  to  the  plant.  The  county 
has  not  taken  advantage  of  this  stone  as  much  as  it  should, 
and  the  roads  in  this  section  should  be  covered  with  limestone 
which  would  be  cheaper  in  the  long  run  than  the  shales  so 
extensively  used  at  present.  This  belt  outcrops  in  the  Balti- 
more and  Ohio  Railroad  cut  one-half  mile  west  of  Hancock 
Station,  where  it  is  a  slaty  gray,  hard  limestone,  breaking 
irregularly  and  quite  compact  (No.  79).  A  little  further  east 
in  this  same  cut,  the  ledges  are  coarsely  granular  and  quite 
brittle  with  light-pearl-gray  color  (No.  78). 

The  anticlinal  small  outcrop  of  Helderberg  Limestone 
three-fourths  mile  west  of  Cherry  Run  Station  in  the  railroad 
cut  and  south  to  the  county  road  shows  a  dark-gra}^  granular 
rock  with  crystal  lime  plates  and  full  of  fossils  and  carries  a 
considerable  percentage  of  silica.  Some  of  the  ledges  are  very 
siliceous.  An  analysis  of  the  better  limestone  was  made  in  the 
Survey  laboratory  (No.  64). 

The  outcrops  along  Ferrel  Ridge  in  the  Back  Creek  Valley 
are  of  good  width  and  extent  for  lime  and  road  material  quar- 
ries and  should  attract  more  attention,  as  the  district  is  a  con- 
siderable distance  from  railroads  with  freight  charges  on  the 
lime  and  long  wagon  hauls. 

At  only  one  place  is  any  great  use  made  of  this  limestone 
in  this  section  and  that  is  at  the  lime-kilns  one  mile  north  of 
Jones  Spring.  Here  Mr.  J.  H.  Wheeler  has  two  small  plants. 
At  the  lower  plant  is  one  iron-clad  lime-kiln  with  daily 
capacity  of  170  bushels  of  lime,  and  it  is  located  90  feet  below 
the  quarry  with  gravity  haul  to  the  plant.  The  quarry  has 
6  to  8  feet  of  cover,  then  one  foot  of  hard  blue  limestone  not 
used,  and  below  this  a  6-foot  bouldery  ledge  of  good  stone 
with  10  feet  of  solid  limestone  at  the  bottom  of  the  quarry 
(No.  '>()).     The  plant  is  equipped  with  a  Wheeling  Mold  Coin 
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pany  crusher  and  crushed  lime  is  furnished  to  the  farmers  and 
through  the  season  the  plant  can  not  supply  the  demand. 

No.  74  No.  79  No.  78     No.  64     No.  60 

Silica    5.46  18.98  5.33         7.77         1.90 

Lime    carbonate 91.07  67.80  92.35       87.89       95.00 

Magnesium  carbonate.     0.59  6.31  1.42         3.49         1.80 

Iron  and  alumina 2.08  5.67  1.28         0.81         1.20 

Loss  on  ignition 0.29  0.98  

99.49   99.74  100.38   99.96   99.80 

The  second  plant  of  Mr.  Wheeler's  is  further  up  the  ridge 
and  has  two  pot  kilns  and  a  Scott  clay  pulverizer  for  making 
crushed  lime,  and  the  kilns  will  make  about  800  bushels  of 
lime  daily.  At  the  new  quarry  here  there  is  about  8  feet  of 
cover  and  4  to  6  feet  of  limestone  exposed  (No.  59),  but'  this 
does  not  represent  the  thickness  of  the  limestone.  The  stone 
at  the  upper  quarry  is  bluish-gray  color,  very  granular  in  tex- 
ture with  calcite  stringers,  plates,  and  crystals.  The  limestone 
is  coarsely  crystalline  and  sparkles  in  the  sunlight  due  to  the 
numerous  crystal  plates,  and  it  is  quite  fossiliferous.  At  the 
lower  quarry  the  structure  of  the  stone  is  similar,  but  the  color 
is  darker  and  in  places  almost  black. 

Near  the  northern  end  of  Ferrel  Ridge  just  east  of  Butts 
Store  on  Tilhance  Creek  in  the  branch  run  valley  are  good  ex- 
posures of  the  Helderberg  Limestone  full  of  fossils.  The 
lower  portion  of  the  outcrop  is  a  dark  slaty  gray  limestone 
very  compact  and  quite  hard  with  but  few  fossil  shells  but 
large  numbers  of  coral  masses  (No.  52).  The  upper  ledges 
are  coarse  granular  bluish-gray  color,  full  of  calcite  plates, 
and  very  fossiliferous  (No.  53).  The  upper  portion  contrasts 
strongly  with  the  lower  hard  compact  ledges  and  on  analysis 
is  found  to  be  a  purer  limestone.  The  stone  has  been  blasted 
out  to  make  the  road,  and  it  would  prove  a  valuable  road  ma- 
terial for  this  whole  area. 

Through  the  upper  ledges  occur  beds  of  black  flint  in 
rhomboidal  small  blocks  translucent  in  thin  pieces.  The 
weathered  slopes  of  the  hills  along  this  outcrop  show  large 
quantities  of  this  flint  or  chert  which  is  very  brittle  and 
breaks  in  small  angular  blocks. 
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To  the  west  of  Tomahawk  in  the  gap  through  Ferrel 
Ridge,  the  Oriskany  Sandstone  and  the  Helderberg  Limestone 
are  exposed  in  the  walls  of  the  ravine  and  they  form  cliffs  on 
the  north  wall  of  the  road.  A  short  distance  west  of  Toma- 
hawk just  beyond  the  Oriskany  contact,  the  limestone  appears 
to  be  quite  siliceous  and  the  analysis  shows  this  to  be  true 
(No.  55). 

This  rock  is  a  gray  granular  limestone  with  small  cleav- 
able  plates  of  black  calcite  also  calcite  stringers  and  crystals, 
in  some  of  the  ledges  minute  globular  masses  of  bluish  vitre- 
gus  quartz  occur,  but  these  were  omitted  from  the  sample  ana- 
lyzed, otherwise  the  silica  would  have  run  much  higher.  The 
limestone  is  quite  fossiliferous  and  it  dips  26  degrees  southeast. 
At  this  place  a  small  quar^  was  opened  for  stone  for  the  road 
and  it  is  about  1,000  feet  west  of  the  big  spring  at  Tomahawk 
which  is  near  the  contact  of  the  Oriskany  and  the  Marcellus- 
Hamilton  Shales. 

About  300  feet  further  west  the  limestone  ledges  are  quite 
solid  and  bluish-gray  in  color,  weathering  to  a  cobbly  surface 
(No.  56),  and  the  analysis  shows  it  to  be  a  purer  rock  than  the 
last  and  quite  similar  to  the  outcrop  east  of  Butts  Store,  and 
both  outcrops  are  near  the  base  of  the  Helderberg  and  not  far 
from  the  contact  with  the  underlying  Bossardville  Limestone. 
A  small  lime  plant  back  of  Ridge  Store,  14  miles  south  of 
Berkeley  Springs,  makes  a  good  grade  of  lime  from  the  Hel- 
derberg Limestone  on  west  slope  of  Warm  Spring  Ridge 
(104) : 

No.  59 

Silica    5.08 

Lime  carbonate 92.55 

Magnesium  carbonate     1.34 
Iron   and   alumina ....     0.95 

99.92       99.61     100.26     100.06       99.38       99.78 

I  li'se  various  limestones  of  the  eastern  Panhandle  Area 
;nv  lost  sight  of  in  the  consideration  of  the  mineral  resources 
as  they  arc  so  far  overshadowed  by  the  exceptional  value  of 
the  low  silica  limestones  of  the   Martinsburg  and   Millville 


No.  52 

No.  53 

No.  55 

No.  56 

No.  104 

5.77 

4.41 

10.28 

5.32 

6.24 

88.61 

93.63 

87.54 

S9.38 

88.57 

2.69 

1.44 

1.29 

2.25 

2.46 

2.54 

0.78 

0.95 

2.43 

2.51 

PLATE  XXVIII  — Conococheague   Limestone   near   Potomac   River  on 
New  Line  of  Williamsport,  Nessle,  and  Martinsburg  Railroad. 


WEST   VIRGINIA    GEOLOGICAL    SURVEY.  433 

districts  with  their  large  quarries.  If  the  western  and  interior 
counties  of  the  State  had  these  so-called  minor  limestone  de- 
posits of  the  eastern  Panhandle  they  would  be  considered  very 
fortunate. 

Here  is  a  wealth  of  material  for  good  roads,  well  dis- 
tributed in  area,  valuable  for  lime  for  farm  fertilizer  with  re- 
sultant increased  yields  through  the  years  that  would  be  hard 
to  estimate  in  dollars.  There  is  a  great  reserve  of  such  ma- 
terial that  should  be  brought  into  use  not  by  large  and  costly 
lime  and  crushing  plants,  but  by  numerous  small  crushers  and 
lime-kilns  to  supply  the  trade  through  a  radius  of  several  miles 
around  the  quarries.  These  small  farm  fertilizer  and  road 
material  crushers  are  now  made  by  a  number  of  machine  com- 
panies. They  are  light  and  portable  and  can  be  bought  at 
low  prices  and  yield  good  profits. 

In  this  Chapter  these  limestone  deposits  have  been  de- 
scribed here  and  there  over  the  area  to  illustrate  the  possi- 
bilities, but  the  number  of  possible  and  favorable  locations  for 
development  is  large,  and  the  distribution  of  these  limestones 
in  parallel  belts  not  many  miles  apart  will  enable  all  portions 
of  the  area  to  be  supplied  at  low  cost  with  good  roads  and 
good  agricultural  and  building  lime. 


CHAPTER  XV. 


GENERAL  AND  CHEMICAL  DESCRIPTION  OF 
THE  LOW  SILICA   FLUXING   LIMESTONE 
BELTS    IN   BERKELEY  AND    JEFFER- 
SON COUNTIES. 


The  low  silica  limestones  of  the  Martinsburg'  area  have 
long  been  held  in  high  favor  by  the  iron  and  steel  manufac- 
turers in  the  territory  reached  under  low  freight  rates  from 
this  district.  The  steel  companies  have  sent  their  engineers 
and  chemists  to  this  field  from  time  to  time  to  examine  and 
test  the  deposits  in  many  different  places.  Large  numbers  of 
analyses  have  been  made,  and  many  of  these  have  been  placed 
at  the  disposal  of  the  writer  by  these  companies  and  by  indi- 
vidual landowners.  Also  a  large  number  of  analyses  of  typ- 
ical outcrops  have  been  made  in  the  State  Geological  Survey 
laboratory. 

The  low  silica  fluxing  limestones  are  found  in  the  Upper 
Stones  River  Formation  in  this  area,  and  the  outcrops  of  this 
limestone  are  usually  low  in  silica  and  high  in  carbonate  of 
lime,  and  the  quarry  industry  centers  in  these  belts.  No  other 
formation  is  quarried  for  fluxing  stone  in  these  two  counties, 
except  the  Millvillc  low  silica  dolomites,  though  large  [ime 
and  ballast  quarries  arc  located  in  other  limestone  formations 
in  this  area. 

None  of  tli«'  other  limestones  will  probably  ever  be  worked 
for  fluxing  stone,  unless  the  fairly  high  grade  limestone  belts 
found  in  the  Beekmantowrj  should  later  find  a  market.  Some 
of  these  belts  resemble  in  appearance  the  Upper  Stones  River, 
I  i:l   lh«-  silica  runs  two  to  three  times  higher.     A   lew  ol   these 
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Beekmantown  belts  will  be  described  to  illustrate  their  char- 
acter, before  the  general  discussion  of  the  Stones  River. 

BEEKMANTOWN  LIMESTONE  BELTS. 

The  Beekmantown  Limestones,  as  a  rule,  are  high  in  silica 
and  magnesia,  but  through  the  formation  are  belts  of  fairly 
pure  limestone  which  are  held  in  high  favor  by  the  owners  and 
regarded  by  them  as  the  same  limestone  as  quarried  near 
Martinsburg,  and  they  are  often  claimed  to  be  as  pure  lime- 
stone and  as  low  in  silica;  but  in  most  cases,  unfortunately, 
the  percentage  of  silica  is  found  by  analysis  to  run  high  for 
an  open-hearth  flux. 

Along  the  Potomac  River  east  of  the  mouth  of  Opequon 
Creek  at  Whitings  Neck,  the  limestone  bluffs  for  a  distance  of 
2,000  feet  east,  and  the  same  distance  west  of  the  north-and- 
south  county  road,  are  composed  of  a  light-cream  to  dove- 
colored  limestone,  breaking  with  smooth  fracture,  and  having 
every  appearance  to  the  eye  of  the  typical  low  silica  limestone 
of  the  Upper  Stones  River.  This  limestone,  however,  is  asso- 
ciated with  the  typical  Beekmantown  cherts,  and  its  relations 
to  the  surrounding  strata  all  show  it  to  be  Beekmantown,  far 
above  the  average  purity  for  this  group  but  still  fairly  high  in 
silica.  This  deposit  has  long  attracted  attention  and  has  been 
carefully  tested. 

A  series  of  chemical  analyses  was  made  along  these 
bluffs  for  a  distance  of  4,800  feet,  starting  at  this  distance  west 
of  the  north  crook  of  the  river  road  on  Whitings  Neck,  and 
ending  at  this  point.  These  analyses  are  grouped  in  figure 
18.  The  figure  represents  a  continuous  section,  but  is  broken 
on  the  sheet  into  four  lines  for  convenience  in  space.  The 
surface  level  of  this  area  is  almost  a  smooth  plain  above  the 
river,  400  feet  above  sea-level. 

These  limestones  are  not  low  enough  in  silica  for  open- 
hearth  steel  fluxing  stone,  though  to  the  eye  they  resemble 
so  closely  the  Martinsburg  quarry  rock.  This  locality  has 
long  been  cited  as  one  of  the  greatest  and  most  valuable  de- 
posits of  high-grade,  low  silica  limestone  in  the  district.     As 
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a  blast-furnace  flux,  it  would  compare  favorably  with  the 
Tyrone  and  Hollidaysburg,  Pennsylvania,  districts,  which  sup- 
ply a  large  quantity  of  flux  to  the  Pittsburgh  furnaces ;  and 
it  would  probably  also  burn  into  a  very  fine  grade  of  lime. 

In  this  limestone  belt,  as  illustrated  in  the  figure  sketch, 
the  first  350  feet  at  the  west  averages  2.46  per  cent,  silica,  and 
6.45  per  cent,  magnesium  carbonate ;  the  next  400  feet  averages 
4.23  per  cent,  silica  and  2.55  magnesium  carbonate;  the  next 
650  feet  averages  2.42  silica  and  4.99  magnesium  carbonate ; 
the  next  400  feet  averages  6.56  silica  and  2.44  magnesium  car- 
bonate ;  the  next  350  feet  averages  2.61  silica  and  3.00  mag- 
nesium carbonate;  the  next  500  feet  averages  4.57  silica  and 
2.90  magnesium  carbonate.  Analyses  were  only  made  here 
and  there  through  the  rest  of  the  section.  These  results  may 
be  placed  in  tabular  form  for  the  4,800-foot  length  of  sampled 
outcrop  from  west  toward  the  east  : 

Magnesium 
Feet.  Silica       Carbonate 

0  to     350    2.46  6.45 

350  to     750    4.23  2.55 

750  to  1400 2.42  4.99 

1400  to  1800    6.56  2.44 

1800  to  2150    2.61  3.00 

2150  to  2650    4.57  2.90 

2650  to  3400    (No.   23)  ..  6.35  3.31 

3400  to  3800    (No.    22)  .  .  4.50  3.01 

3800  to  4200    (No.  21) .  .    2.78  2.03 

4200  to  4600    (No.    20)..  3.46  2.11 

4600  to  4800    (No.  19) .  .   5.13  2.18 

Average    4.10  3.18 

The  north-and-south  county  road  is  at  2650  feet  in  the 
above  table,  and  the  complete  analyses  of  the  limestone  east 
of  this  road,  as  made  in  the  Survey  laboratory,  are  given  below. 
The  location  and  width  of  outcrop  of  each  sample  are  shown 
in  the  figure  sketch : 

No.  19  No.  20  No.  21  No.  22  No.  23 

Silica    5.13  3.46  2.78  4.50  6.35 

Lime    carbonate 91.73  94.21  95.41  92,40  90.14 

Magnesium  carbonate       ,2.18  2.11  2.03  3.01  3.31 

Iron  and  alumina 0.85  0.35  0.34  0.44  0.35 

A  few  complete  analyses  were  made  of  the  limestone  west 
of  the  road.    No.  24  was  taken  over  50  feet  of  outcrop  about 


No.  25 

No.  26 

No.  27 

No.28 

6.31 

3.10 

1.99 

45.78 

88.65 

94.80 

96.14 

49.23 

5.07 

2.29 

2.16 

2.68 

0.49 

0.26 

0.24 

2.83 
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500  feet  west  of  the  road,  and  would  come  in  the  section  of  the 
sketch  at  about  2150  feet.  No.  25  was  taken  600  feet  further 
west  and  would  correspond  above  to  the  1400 — 1800-foot  inter- 
val. No.  26  was  taken  within  the  350 — 750-foot  interval,  while 
No.  27  is  from  near  the  beginning  of  the  section  at  the  west 
end.  The  samples  were  all  taken  from  apparently  high-grade 
ledges  that  looked  like  low  silica  limestone : 

No.  24 

Silica    3.42 

Lime    carbonate 91.84 

Magnesium   carbonate      4.89 
Iron  and  alumina 0.36 

The  ledge  sampled  in  No.  27  is  a  dark-gray,  somewhat 
granular  limestone  which  carries  small  siliceous  limestone 
concretions,  flattened  parallel  to  the  bedding-planes.  These 
silica  balls  are  light-gray  in  color,  of  higher  gravity  than  the 
limestone,  and  are  quite  crystalline.  They  look  like  a  mixture 
of  flint  and  limestone,  as  the  crystalline  portion  is  quartz.  The 
analysis  of  these  concretions  is  given  as  No.  28  above. 

This  belt  of  rather  pure  Beekmantown  Limestone  can  be 
traced  south  for  a  mile  and  a  half,  and  through  this  distance 
has  every  appearance  to  the  eye  of  a  low  silica  limestone.  It 
is  well  exposed  on  the  county  road  leading  south,  especially 
at  the  run  crossing,  and  then  can  be  traced  east  across  the 
fields.  It  is  also  found  here  and  there  across  the  fields  to  the 
south. 

While  these  limestones  are  found  at  a  number  of  places 
in  the  Beekmantown,  only  one  more  illustration  will  be  given, 
taking  a  belt  in  Jefferson  County  between  Leetown  and 
Charlestown,  which  also  has  every  appearance  of  a  high-grade 
belt  of  low  silica  limestone,  300  to  400  feet  in  width  and  a 
length  of  over  a  mile,  and  which  can  be  traced  by  separate 
outcrops  for  several  miles.  It  lias  been  tested  a  number  of 
times  and  shows  a  very  good  grade  of  limestone  for  many 
purposes.  It  is,  however,  too  high  in  silica  for  use  in  open- 
hearth  steel. 

The  following  analyses  were  made  of  this  limestone  in  the 
Survey  laboratory  in  1906.     No.  202  was  the  dark  blue,  almost 
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black  limestone  east  of  the  good  belt.  No.  206  was  from  near 
the  east  edge  of  the  belt,  and  a  light-gray  rock.  No.  204  was 
darker-gray  in  color  and  about  100  feet  west  of  the  last.  No. 
207  was  from  the  east  side  of  the  belt,  but  further  south  than 
the  other  samples.  Still  further  south,  sample  No.  205  was 
taken.  No.  203  was  collected  on  the  little  hill  about  the  cen- 
ter of  the  belt.  No.  209  is  a  dark,  very  irregular  limestone  at 
the  west  edge  of  the  belt : 


No.  202 

206 

204 

207 

205 

203 

209 

Silica    

4.20 

2.00 

3.50 

2.30 

1.60 

2.00 

6.70 

Lime  carbonate 

94.34 

96.10 

92.97 

94.92 

93.36 

95.90 

78.46 

Magnesium 

carbonate 

0.98 

1.51 

1.83 

2.12 

4.54 

1.51 

17.64 

Iron  and 

alumina. . 

0.80 

0.70 

1.46 

0.90 

0.60 

0.60 

2.80 

100.32  100.31   99.76  100.24  100.10  100.01   99.50 

More   recently   this   tract   was   tested   by   a   long   trench 

across  325  feet  of  width  of  the  better  portion  of  the  belt,  and 

samples  were  taken  from  10  to  16  feet  apart,  and  the  results 

are  given  in  the  following  table.    The  analyses  were  made  by 

an  outside  company  which  made  the  trench  and  examination, 

and  the  results  were  kindly  given  for  this  report : 

Magnesium 

Sample  Silica  Carbonate 

1    2.80  3.60 

2    1.40  2.25 

3    4.92  27.45 

4    1.22  3.00 

5    1.20  2.55 

6    1.70  1.80 

7    2.00  1.95 

8    3.70  4.05 

9    2.60  4.80 

10 1.64  1.50 

11 2.10  8.25 

12 5.90  12.24 

13    3.90  1.50 

14    4.30  5.51 

15 4.54  2.25 

16.. 8.00  23.32 

17  8.30  14.40 

18  2.86  17.31 

19  4.16  3.19 

20  1.05  1.05 

21  3.12  1.62 


Average     3.40  6.84 
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If  the  ledges  Nos.  16  and  17,  twenty  feet  in  width,  be 
eliminated,  the  average  silica  for  the  305  feet  would  be  2.90, 
and  5.57  per  cent,  magnesium  carbonate.  This  belt  shows 
lower  silica  than  the  one  on  the  river.  It  is  not  an  open- 
hearth  stone,  but  might  be  valuable  for  blast-furnace  flux,  or 
for  lime,  and  by  separation  of  the  high  magnesium  ledges 
would  be  valuable  for  Portland  cement.  Another  belt  of  this 
limestone  is  found  near  the  lanes  one  mile  north  of  Kearneys- 
ville  near  the  railroad. 

East  of  the  Stones  River  Limestone  north  of  the  north 
branch  of  the  Shepherdstown  road,  a  half  mile  north  of  Van 
Clevesville  and  near  the  railroad,  there  is  a  belt  of  low  silica 
limestone  with  a  width  of  300  feet  that  is  usually  regarded  as 
the  same  horizon  as  at  the  Martinsburg  quarries.  The  lime- 
stone resembles  the  Stones  River,  and  it  is  but  a  short  dis- 
tance east  of  that  outcrop.  Its  relation  in  dip  and  position  to 
the  Beekmantown  further  east  appears  to  correlate  it  with 
that  formation. 

The  following  analyses  were  maple  on  samples  across  the 
300  feet  of  outcrop,  and  were  taken  by  one  of  the  steel  com- 
panies which  made  an  examination  of  the  surface  outcrop  only. 
The  samples  represent  30-foot  intervals  and  were  taken  from 
cast  (No.  1)  to  west: 

No.  1  No.  2  No.  3  No.  4  No.  5 

Silica     0.68  0.88  1.10  1.38  0.66 

Lime    carbonate 96.99  96.42  94.36  95.67  97.16 

Magnesium  carbonate.     1.53  1.23  3.33  1.92  1.80 

Iron  and  alumina 0.92  0.94  0.82  0.68  0.74 

Phosphorus     0.007  0.008  0.005  0.005  0.006 

Sulphur    0.025  0.047  0.017  0.041  0.025 

No.  6  No.  7  No.  8  No.  9  No.  10 

Silica    0.26  1.78  0.52  3.86  2.06 

Lime  carbonate 96.98  95.75  96.99  92.50  91.94 

Magnesium  carbonate.     1.86  1.44  2.02  1.34  3.78 

Iron  and  alumina 0.60  0.80  0.64  1.96  1.34 

Phosphorus    0.003  0.006  0.004  0.005  0.003 

Sulphur    0.117  0.094  0.083  0.017  0.143 

This  is  a  very  pure  belt  of  limestone  according  to  the 
surface  tests,  and  by  care  in  location  of  quarries  should  prove 
valuable,  but  further  and  deeper  tests  should  be  made.  Its 
nearness  to  the  railroad  adds  much  to  its  value.  It  ran  be 
traced  over  a  length  of  nearly  a  mile,  and  varies  in  width  from 
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300  to  400  feet,  If  this  outcrop  could  be  worked  to  a  depth  of 
100  feet,  there  would  be  available  approximately  15,000,000 
tons  of  limestone. 

Another  belt  of  very  good  limestone  in  the  Beekmantown 
Formation  is  found  just  east  and  southeast  of  Darkesville 
Station  on  the  Cumberland  Valley  Railroad.  This  stone  in  its 
physical  appearance  resembles  the  Upper  Stones  River  Lime- 
stone very  closely.  The  following  analyses  show  its  compo- 
sition. No.  187  was  made  in  the  Survey  laboratory  from  sam- 
ple taken  at  the  lane  leading  from  the  main  road  a  short  dis- 
tance east  of  the  station,  while  the  other  analyses  were  made 
by  an  outside  company  from  samples  taken  a  half  mile  south : 

No.  187 

Silica    1.67 

Lime    carbonate 96 .  85 

Magnesium  carbonate.     1.20 
Iron  and  alumina 0 .  20 


"A" 

"B" 

"C" 

"D" 

"E" 

1.32 

0.80 

1.10 

2.10 

3.00 

96.20 

97.60 

97.10 

95.70 

93.70 

1.87 

0.99 

1.13 

1.22 

1.43 

UPPER  STONES  RIVER  LIMESTONES. 

The  most  important  fluxing  limestone  in  Berkeley  and 
Jefferson  Counties,  outside  of  the  Millville  Dolomites,  is  the 
low  silica  and  high  carbonate  of  lime  rock  in  the  Upper  Stones 
River  Formation,  now  so  extensively  quarried  around  Mar- 
tinsburg.  These  limestones  are  found  in  belts  with  a  north- 
east-southwest trend,  and  with  varying  widths  of  outcrop. 
The  ledges  are  usually  tilted  at  rather  high  angles,  so  that 
vertical  quarry-faces  in  this  rock  at  a  certain  depth  pass 
through  the  high-grade  into  a  lower-grade  limestone.  The 
workable  depth  of  the  quarry  depends  on  the  thickness  of  this 
upper,  low  silica  limestone,  and  on  the  amount  of  dip. 

In  order  to  show  the  character  of  the  limestone  below  the 
surface,  the  records  of  three  diamond  well  drill  cores  to  a 
depth  of  200  feet  are  given  with  their  chemical  analyses.  It 
must  be  borne  in  mind  that  these  rocks  dip  at  high  angles,  and 
that  the  vertical  core  does  not  represent  one  stratum  but 
intersects  the  various  ledges  and  probably  near  the  bottom 
cuts  into  the  underlying  Beekmantown  Limestone.  It  does 
represent  the  future  character  of  the  quarry  which  is  exca- 
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vated  down  nearly  vertical  and  so  gives  the  practical  compo- 
sition of  the  rocks  below  the  surface.  Only  the  lime  carbonate 
was  determined  in  the  short  lengths  of  core  while  complete 
analyses  were  made  of  larger  sections  of  the  core.  The  per- 
centage of  lime  carbonate  is  less  toward  the  bottom  than  near 
the  top.  The  results  of  the  tests  are  shown  in  figure  19, 
where  the  record  is  drawn  to  scale  and  the  lime  carbonate 
percentages  marked  thereon,  and  the  group  sections  for  com- 
plete analyses  are  indicated.  A  study  of  this  diagram  with  its 
analyses  shows  the  varying  character  of  the  different  ledges. 
Section  "A"  was  near  the  center  of  the  belt  while  section  "B" 
was  near  the  border  of  the  belt  and  the  drill  soon  passed  below 
the  low  silica  limestone  and  it  shows  a  close  agreement  in 
analyses  and  indicates  that  the  rock  is  a  dolomite  below  the 
surface  which  is  further  proved  by  the  group  analysis  of  this 
portion  but  the  silica  runs  high  for  a  good  fluxing  dolomite. 
The  banded  segments  represent  clay  seams  and  pockets,  and 
in  the  first  section  some  caves  or  caverns  were  encountered. 

The  limestone  in  these  cores  was  analyzed  in  groups  as 
indicated  in  the  figure  and  the  results  were  as  follows: 

Bore  Hole  "A"  (204  Feet). 

A(16')  B(12')  C(9')  D(28')  E(40') 

Silica 1.22         0.96  2.64  6.78  5.88 

Lime    carbonate 96.85  96.89  96.03  85.39  87.60 

Magnesium  carbonate.     1.30         1.60  0.90  5.40  5.40 

Alumina  oxide 0.26         0.32  0.16  1.53  0.65 

Ferric   iron   oxide 0.32         0.22  0.22  0.89  0.45 

This  record  shows  a  low  silica  down  for  almost  100  feet 
and  also  low  magnesia.  Below  that  depth  the  silica  is  high 
for  fluxing  stone  and  the  magnesia  has  also  increased.  The 
amount  of  iron  and  alumina  is  rbw  in  the  whole  core. 


Bore  Hole  "B"  (200  Feet). 

A(3'9")     B(9') 

Silica     2.60  2.6] 

Lime  carbonate 89.00  93.93 

Magnesium    carbonate 8, 90  4.48 

a lumlna   oxide 0.65  0.6] 

Ferric   Iron   oxidf 0.45  0.45 
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Figure    19.      Diagram   Sections   of   Bore   Holes    in   Upper 
Stones  River  Limestone  near  Martinsburg. 
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In  this  boring  near  the  edge  of  the  belt,  the  silica  is  high 
from  the  surface  down  and  the  lower  rocks  are  almost  typical 
dolomites  except  for  the  high  amount  of  silica.  The  iron  is 
much  higher  near  the  base  and  the  percentage  there  is  high 
for  these  limestones. 

Bore  Hole  "C"  (200  Feet). 

A(100') 

Silica 0.63 

Lime  carbonate 96.90 

Magnesium    carbonate 1.66 

Iron  and  alumina 0.77 

In  this  core  the  rock  averages  good  to  150  feet,  but  the 
low  silica  stone  is  probably  130  feet  deep.  At  the  bottom 
again  is  the  high  silica  but  otherwise  almost  true  dolomite 
rock.  There  is  a  close  resemblance  in  the  chemical  composi- 
tion of  the  dolomite  rock  at  base  in  holes  "B"  and  "C",  though 
these  are  several  miles  apart.  A  study  of  these  records  shows 
that  it  is  difficult  to  estimate  the  depth  of  the  low  silica  lime- 
stone in  estimating  the  future  supply  of  stone  for  quarry  work. 
In  the  center  of  the  belts  is  a  good  depth  amounting  to  prob- 
ably 120  to  130  feet,  but  near  the  edge  of  the  belt  on  the  side 
away  from  the  dip  direction  the  belt  is  shallow  and  increases 
toward  the  direction  of  dip.  For  purposes  of  estimates  of 
tonnage  the  increasing  depth  toward  the  direction  of  dip  is 
regarded  as  compensating  the  shallow  depth  on  opposite  side 
and  estimates  may  be  made  in  approximation  by  assuming  the 
depth  of  working  at  around  120  feet.  Borings,  however,  show 
all  sorts  of  modifying  conditions  due  to  folding  of  the  rocks 
and  faulting,  etc.  In  some  borings  the  depth  of  rock  at  cen- 
ter of  belt  is  only  30  to  40  feet  and  again  with  overturned  folds, 
shales  arc  found  at  depth  of  20  to  50  feet  under  the  limestone. 
These  conditions  are  regarded  as  exceptional  and  arc  disre- 
garded in  total  estimates  where  the  shallowing  of  the  rock  is 
unknown.  Estimates  made  in  this  Chapter,  then,  are  to  be 
taken  as  approximate  only,  and  they  were  made  to  give  some 
idea  of  the  large  amount  of  tonnage  of  this  valuable  low  silica 
limestone  available  in  these  eastern  counties. 
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A  few  cross-sections  of  these  belts  will  be  given  to  show 
their  character  and  chemical  composition.  One  of  the  Berke- 
ley County  belts  was  traced  across  the  Potomac  River  into 
Maryland,  and  there  was  tested  by  one  of  the  steel  companies 
over  a  width  of  900  feet  east  and  west.  The  results  of  this 
work  are  shown  in  figure  20,  where  0  feet  represents  the  west 
end  of  the  section.  On  the  west  is  a  belt  of  magnesian  lime- 
stone, 500  feet  wide  on  outcrop,  which  averages  2.39  per  cent, 
silica,  75.33  per  cent,  lime  carbonate,  21.28  per  cent,  magnesium 
carbonate.  In  some  of  the  ledges  for  a  distance  of  150  feet, 
this  rock  is  a  true  dolomite  with  about  35  per  cent,  magnesium 
carbonate,  but  over  three  per  cent,  silica. 

Next  to  the  east  "is  a  belt  of  low  silica  high-grade  lime- 
stone, 225  feet  wide,  which  averages  0.72  per  cent,  silica,  94.77 
per  cent,  lime  carbonate,  3.47  per  cent,  magnesium  carbonate, 
which  represents  a  valuable  fluxing  stone  low  in  silica  and 
magnesia.  East  of  the  high-grade  belt  is  a  belt  of  low  silica 
dolomite,  but  it  is  also  low  in  magnesium  carbonate  for  a  good 
dolomite.  It  averages  0.99  per  cent,  silica,  79.80  per  cent,  lime 
carbonate,  and  17.57  per  cent,  magnesium  carbonate.  East  of 
this  belt  is  the  high  silica  more  or  less  magnesian  limestone. 

In  the  Martinsburg  area  the  low  silica  limestone  is  found 
on  a  number  of  different  tracts  and  has  good  length  and  width 
of  outcrop.  On  one  of  these  tracts  chemical  analyses  were 
made  every  20  feet  across  the  outcrop  and  the  results  are 
shown  in  figure  20. 

The  average  composition  across  the  420  feet  of  outcrop 
is  0.53  per  cent,  silica,  0.27  per  cent,  alumina,  94.21  per  cent, 
lime  carbonate,  and  4.73  per  cent,  magnesium  carbonate. 
This  is  a  remarkable  outcrop  in  its  high  degree  of  purity  for 
this  width  of  belt.  The  same  belt  was  examined  further  north 
in  a  similar  manner  and  the  results  are  shown  in  figure  20, 
but  the  silica  in  this  section  is  higher.  The  average  compo- 
sition of  the  450  feet  of  outcrop  it  1.37  per  cent,  silica,  94.54 
per  cent,  lime  carbonate,  2.57  per  cent,  magnesium  carbonate, 
with  0.74  per  cent,  iron  oxide,  and  0.52  per  cent,  alumina. 

In  this  same  tract  there  is  a  second  belt  250  feet  wide  as 
shown  in  the  above  figure  which  averages  1.13  per  cent,  silica, 
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94.39  per  cent,  lime  carbonate,  2.41  per  cent,  magnesium 
carbonate,  with  1.53  per  cent,  ferric  iron,  and  0.39  per 
cent,  alumina.  The  average  amount  of  phosphorus  in 
the  450-foot  belt  is  0.01  per  cent.,  and  in  the  250-foot  belt 
it  runs  0.009  per  cent.,  while  the  sulphur  runs  0.11  and 
0.14  per  cent.  The  average  composition  of  the  two  belts 
is  very  similar.  The  250-foot  belt  is  probably  the  same 
as  the  preceding  one  described  from  further  south.  The 
continuation  of  the  450-foot  belt  to  the  south  with  an 
average  of  32  analyses  shows  an  average  composition  at  the 
south  of  1.38  per  cent,  silica,  97.22  per  cent,  lime  carbonate, 
4.52  per  cent,  magnesium  carbonate,  with  0.39  per  cent, 
alumina. 

LOW  SILICA  LIMESTONE  BELTS  NEAR 
MARTINSBURG. 

A  description  of  the  different  belts  of  low  silica  limestone 
of  the  Upper  Stones  River  Formation  in  the  Martinsburg 
district  will  now  be  given  with  chemical  analyses,  arranged 
according  to  the  following  outline : 

Martinsburg    Quarry    Belt. 

Indian   Church  Division. 

Security-Standard  Division. 

West  Quarry  Division. 

Darkesville-Bunker  Hill  Division. 
Falling  Waters   Belt. 

West  of  Falling  Waters. 

East  of  Falling  Waters. 
National  Belt. 
Blair  Belt. 
Opequon  Belt. 

Leetown-Van  Clevesville  Belt. 
Whitings  Neck  Belt. 

Martinsburg  Quarry  Belt. 

INDIAN  CHURCH  DIVISION.— In  the  northern  por- 
tion of  Berkeley  County  on  the  Potomac  River  at  the  so-called 
Indian  Church  and  the  Sun  and  Moon  Spring,  three  miles 
west  of  Williamsport,  Maryland,  and  the  same  distance  north 
of  Falling  Waters  on  Millers  Bend  of  the  River,  is  a  high  cliff 
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of  the  low  silica  limestone  of  the  Stones  River  Formation 
which  for  purposes  of  description  will  be  called  the  Indian 
Church  Belt. 

This  belt  has  a  trend  N.  24°  E.,  and  outcrops  to  the  river 
and  again  in  Maryland  west  of  Pinesburg  Station  on  the 
Western  Maryland  Railroad,  thence  north  nearly  to  the  Pines- 
burg  county  road  where  it  appears  to  dip  under  the  higher 
silica  limestone.  In  Maryland  near  the  railroad  it  is  225  feet 
wide  and  near  the  Indian  Church  it  is  250  to  300  feet  wide. 
The  belt  extends  southward  over  half-way  to  the  Prospect 
Hill  road  but  here  becomes  quite  narrow  and  dips  under  the 
high  silica  stone.  Its  length  in  West  Virginia  is  about  three 
miles  and  its  width  varies  from  275  feet  to  about  40  feet  at 
the  south  end.  The  limestone  forms  a  vertical  wall  cliff  fol- 
lowing the  river  parallel  to  the  strike  of  the  rock  for  a  distance 
of  nearly  a  half  mile  with  a  height  of  160  to  175  feet  with  a 
narrow  shelf  next  to  the  river,  and  over  part  of  the  distance 
the  cliff  extends  to  the  water's  edge. 

The  limestone  varies  in  color  from  light-gray  or  dove- 
color  to  a  bluish-gray  and  even  black  rock  in  certain  ledges*. 
The  dip  of  the  formation  is  about  50  degrees  east  and  appar- 
ently north,  but  at  this  place  there  is  a  sag  or  synclinal  bend 
in  the  strata  parallel  to  the  strike.  The  ledges  outcropping 
up  this  cliff  vary  in  texture,  color,  and  chemical  composition. 
Some  of  the  ledges  are  slaty,  others  very  compact  and  hard, 
while  others  are  quite  granular.  The  stone  blasts  out  in  large 
angular  blocks  and  most  of  it  is  quite  brittle.  Certain  ledges 
carry  fossil  gasteropods  and  shells  of  brachiopods  which  cor- 
relate this  portion  of  the  limestone  with  the  Middle  Stones 
River  Formation.  Some  of  the  ledges  are  very  low  in  silica 
while  others  run  as  high  as  2  per  cent.  The  lime  carbonate 
varies  from  91  to  nearly  99  per  cent.  The  average  of  a  large 
number  of  analyses  made  by  some  of  the  steel  companies  is 
about  1.5  per  cent,  silica  for  the  cliff  exposure. 

This  tract  at  the  river  is  now  controlled  by  the  Pittsburgh 
Limestone  Company,  a  subsidiary  organization  of  the  Car- 
negie Steel  Company,  which  has  opened  a  number  of  quarries 
along  the  cliff,  graded   for  track  and  plant,  and  laid  quarry 
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tracks.  The  company  plans  to  work  to  an  average  output  of 
a  million  tons  a  year,  or  60  to  70  cars  a  day.  The  property  is 
reached  by  a  branch  from  the  Western  Maryland  Railroad 
from  Charlton,  crossing  the  river  about  a  half  mile  above  the 
quarry.  The  track  was  completed  to  the  river  on  the  Mary- 
land side  and  the  bridge  piers  completed  in  1914  and  part  of 
the  grade  completed  on  this  side,  and  completed  to  the  quarry 
in  the  fall  of  1915. 

Chemical  Composition. — The  following  analyses  of  this 
limestone  were  made  by  the  late  Mr.  S.  W.  Shoop,  of  Altoona, 
in  1905: 

No.  1         No.  2        No.  3         No.  4 

Silica     0.25         0.17         0.19         0.25 

Lime  carbonate 73.20       98.85       95.10       98.60 

Magnesium  carbonate 21.65       3.85       

Alumina    4.90         0.98         0.86         1.15 

No.  1  was  of  the  dolomite  forming  the  east  wall  of  the  high-grade  belt. 
No.  2  was  at  back  end  of  cavern  at  Indian  Church,   150  feet  from  face 
of  cliff. 

No.  3  was  an  average  of  ten  samples  taken  along  the  cliff. 

No.  4  was   of   the  pure  limestone  near  the   Sun   and  Moon   Spring. 

The  following  group  of  analyses  was  made  by  Mr.  J.  B. 
Krak  in  the  laboratory  of  the  West  Virginia  Geological  Sur- 
vey of  samples  collected  by  the  writer  in  the  summer  of  1914, 
and  the  locations  of  analyses  are  shown  on  the  accompanying 
map  of  the  low  silica  limestone  belts  from  the  Potomac  River 
to  the  Virginia  Line : 

No.  9  No.  2  No.  4  No.  7  No.  12 

Silica     1.45         0.92  1.10  1.90  1.37 

Lime  carbonate 95.98  97.05  98.25  96.20  91.66 

Magnesium  .carbonate.     2.02         1.64  0.77  1.85  6.16 

Iron  and   alumina 1.45         0.83  trace  0.53  0.71 

100.21  100.44  100.12  100,48   99.90 

No.  9  was  of  sample  taken  300  below  the  Sun  and  Moon  Spring  and 
represents    about    20    feet   vertical    of    the    cliff. 

No.  2  was  at  Sun  and  Moon  Spring  and  represents  about  25  feet  verti- 
cal on  above  that  of  No.  9. 

No.  4  was  taken  near  west  end  of  quarry,  but  east  of  the  contact  of 
the  low  and  high  silica  stone. 

No.  7  was  taken  at  top  of  the  high  cliff  above  No.   4. 

No.  12  was  about  a  half  mile  west  of  the  quarry,  and  in  Beekmantown 
Limestone  which  is  here  fairly   pure. 

These  analyses  show  a  high  percentage  of  lime  carbonate 
and  low  magnesia,  but  a  higher  percentage  of  silica  than  the 
Shoop  samples.     By  sampling  only  the  high-grade  ledge,  the 
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silica  would  run  very  low,  but  sampling  vertically  across  the 
ledges  to  secure  an  average,  the  silica  runs  higher.  The  aver- 
age silica  is,  however,  under  one  and  a  half  per  cent,  which, 
with  the  favorable  conditions  for  quarry  work  in  the  high 
vertical  cliffs,  makes  the  property  a  very  valuable  one. 

If  an  estimate  be  made  on  the  tonnage  of  this  belt  with  an 
average  width  of  22.5  feet,  length  of  two  and  a  half  miles,  and 
vertical  depth  of  150  feet,  there  would  be  available  nearly 
35,000,000  tons  of  low  silica  limestone  in  the  Indian  Church 
Division. 

SECURITY-STANDARD  DIVISION.— The  Indian 
Church  Division  quarried  by  the  Pittsburgh  Limestone  Com- 
pany is  faulted  near  the  Prospect  Hill  road,  and  dips  under 
the  higher  silica  stone  of  the  Chambersburg  Formation.  On 
the  western  side  of  the  fault,  it  comes  to  the  surface  a  halt 
mile  south  of  this  county  road,  and  the  outcrop  is  then  prac- 
tically continuous  south  to  the  Security  quarries,  and  on  south 
to  beyond  Martinsburg  where  it  is  quarried  by  the  Standard 
Limestone  Company. 

The  low  silica  limestone  of  this  division  outcrops  in  a 
narrow  belt  on  the  lane  to  the  south  of  the  Prospect  Hill  road. 
It  has  a  width  of  300  feet  on  the  road  leading  west  from 
Falling  Waters,  and  about  a  mile  west  of  this  town.  Its 
course  is  north  24  degrees  east  and  it  dips  east  at  an  angle  of 
70  degrees.  The  outcrop  can  be  followed  south  across  the 
next  two  west  roads,  and  it  crosses  the  Williamsport  Pike  just 
north  of  Hainesville  with  a  width  of  200  feet,  and  then  con- 
tinues south  to  Security. 

The  limestone  is  light-gray  to  dove-color,  breaking  with 
a  smooth,  conchoidal  or  shelly  fracture,  and  resembles  all  the 
way  the  Martinsburg  quarry  rock.  The  outcrop  follows  small 
run  valleys  which  have  been  carved  in  the  more  soluble  rock 
of  this  formation.  The  belt  is  thus  depressed  below  the  sur- 
rounding country  as  a  rule.  No  large  cliffs  are  exposed,  so 
that  not  over  ten  or  fifteen  feet  vertically  can  be  examined,  I  mi  I 
a  scries  of  ledges  can  be  observed  as  the  outcrop  is  followed 
down  the  hill  to  the  runs. 

The  larger  portion  of  this  outcrop  west  and  southwest 
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of  Falling  Waters  is  owned  by  two  limestone  companies,  the 
Standard  Lime  and  Stone  Company  and  the  J.  E.  Baker  Lime 
Company,  though  no  development  has  taken  place,  and  no 
openings  are  made  on  the  belt.  As  far  as  known,  the  belt  has 
not  been  drilled  or  tested  below  the  surface.  It  is  located 
about  a  mile  from  the  Cumberland  Valley  Railroad,  while  the 
new  Railroad, — Williamsport,  Nessle,  and  Martinsburg — will 
pass  close  to  the  outcrop. 

Chemical  Composition.' — Two  samples  of  this  limestone 
belt  were  taken  on  the  road  west  from  Falling  Waters,  and 
one  sample  was  taken  just  west  of  the  belt  to  show  the  change 
in  composition  at  this  line.  No.  32  was  taken  at  the  east  edge 
of  the  belt.  No.  34  is  from  about  the  center  of  the  belt  and 
just  south  of  the  county  road  about  100  yards ;  while  No.  33 
is  from  the  ledge  just  west  of  the  belt  of  high-grade  stone, 
and  it  is  not  far  from  the  Beekmantown  contact : 

No.  32 

Silica 1.52 

Lime    carbonate 97.01 

Magnesium  carbonate .     1 .  62 
Iron  and  alumina 0.27 

The  limestone  was  not  sampled  on  the  next  road  to  south, 
but  its  characters  are  very  similar,  and  analyses  made  here 
would  probably  duplicate  those  given  above.  On  the  next 
road  south,  or  the  first  east-and-west  road  north  of  Nipetown, 
this  belt  was  sampled  in  No.  42,  and  shows  a  very  pure  lime- 
stone. The  next  outcrop  of  this  belt  sampled  was  just  east  of 
the  pike  at  Hainesville,  No.  46,  which  still  shows  a  very  high- 
grade  limestone. 

A  mile  south  of  the  Hainesville  outcrop  are  the  quarries 
and  large  plant  of  the  Security  Lime  and  Cement  Company, 
described  in  the  preceding  Chapter.  Samples  were  taken  from 
these  quarries  and  analyzed  in  the  Survey  laboratory  with  the 
following  results : 

Silica    0.49  1.07  1.14  ~ 

Lime    carbonate 97.96  89,66  95.18 

Magnesium    carbonate 2.01  8.98  3.47 

Iron  and  alumina 0.36  0.55  0.81 


No.  34 

No.  33 

No.  42 

No.  46 
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In  these  quarries  the  low  silica  limestone  is  quarried  and 
shipped  for  flux,  while  the  other  stone  is  available  for  ballast. 
A  large  amount  of  lime  is  also  made  at  this  plant.  The  last 
two  samples  were  taken  on  the  vertical  face  of  the  quarry 
across  a  number  of  outcropping"  ledges,  while  the  first  sample 
represents  the  high-grade  fluxing  stone  in  these  quarries.  This 
belt  of  low  silica  limestone  outcrops  in  the  cuts  of  the  railroad 
just  south  of  the  Security  quarries  with  a  width  of  200  feet. 

In  estimating  the  tonnage  of  this  belt  north  of  the  rail- 
road from  Cumbo  to  the  Cumberland  Valley  at  Berkeley 
Station,  north  to  a  mile  south  of  the  Prospect  Hill  road,  the 
average  width  is  taken  as  200  feet,  and  length  would  be  five 
and  a  half  miles;  so  that  with  a  working  depth  of  100  feet, 
there  would  be  about  46,500,000  tons  of  low  silica  limestone. 

This  belt  of  low  silica  limestone  can  be  traced  south, 
crossing  the  Cumberland  Valley  Railroad  just  north  of  the 
county  road  leading  east  to  the  Opequon  at  Eagle  School- 
house.  It  can  be  followed  to  the  old  McDowell  lime  quarry 
in  North  Martinsburg  east  of  the  Williamsport  Pike.  This 
quarry  was  opened  in  1873  to  supply  stone  for  a  six-foot  draw- 
kiln  that  was  operated  for  35  years,  but  is  now  abandoned. 
This  belt  follows  just  east  of  Water  Street  in  Martinsburg, 
and  at  the  south  edge  of  town  connects  w7ith  the  line  of  aban- 
doned quarry  holes,  and  then  the  working  quarries  of  the 
Standard  Lime  and  Stone  Company. 

At  their  furthest  south  quarry,  to  the  north  of  Evans  Run, 
this  limestone  dips  south  and  passes  under  the  Chambcrsburg 
Limestone.  In  these  quarries  the  width  of  outcrop  was  200 
to  250  feet,  with  the  Middle  and  Lower  Stones  River  to  the 
west.  On  the  east,  the  Upper  Stones  River  Limestone  dips 
east  under  the  cobbly  Chambersburg,  the  contact  being  very 
sharp  in  these  quarries. 

The  length  of  this  portion  of  the  outcrop  From  the  south 
end  of  the  Standard  quarries  north  to  the  railroad  south  of 
Security  quarries  is  six  miles.  Assuming  an  average  width  of 
200  f<-<'t  and  a  working  depth  of  100  feet,  there  would  be 
50,688,000  i<ms  of  low  silica  limestone  in  this  portion  of  the 
belt,  though  ;i  considerable  tonnage  has  been  removed  in  the 

two  miles  of  Standard  quarries. 
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If  the  average  depth  of  these  quarries  be  taken  as  50  feet 
which  is  conservative,  as  one  quarry  was  worked  to  a  depth 
of  90  feet,  there  would  be  removed  in  the  two  miles  about 
S, 500,000  tons,  which  is  about  the  tonnage  in  the  west  quarry 
belt  on  this  property,  so  that  in  the  estimate  of  tonnage  this 
removal  can  be  neglected.  It  must  be  kept  in  mind  that  these 
estimates  on  tonnage  are  based  on  somewhat  doubtful  data 
of  continuity  of  the  belt,  average  width,  and  probable  work- 
ing depth ;  and  they  are  only  made  to  afford  an  approximate 
idea  of  the  value  of  these  deposits  to  this  county. 

The  Standard  Lime  and  Stone  Company  operations  are 
the  oldest  and  largest  in  this  portion  of  the  State,  and  their 
quarries  and  plants  are  described  in  the  preceding  Chapter. 
The  limestone  is  low  in  silica  and  high  in  lime  carbonate,  and 
it  has  proved  most  satisfactory  to  the  trade.  The  following 
analyses  of  this  limestone  from  the  Standard  quarries  Were 
made  in  the  Survey  laboratory  from  samples  taken  ten  years 
apart  : 

1905  1915 

Silica    0.60  0.51 

Lime    carbonate 95 .  44  98.33 

Magnesium    carbonate 2.51  0 .78 

Iron  and  alumina 0.69  0.34 

Phosphorus     0.05       

99.29       99.96 

This  belt  of  low  silica  limestone  dips  under  the  Cham- 
bersburg  and  disappears  from  the  surface  just  north  of  Evans 
Run.  A  short  distance  south  of  the  run  in  a  deep  hollow  on 
the  Tabb  farm,  owned  by  the  National  Company,  this  belt 
outcrops  again  for  a  few  hundred  yards,  and  then  is  covered 
by  the  Chambersburg  Limestone  on  the  higher  ground  to  the 
south.  An  analysis  was  made  of  this  outcrop,  No.  212.  The 
belt  again  comes  to  the  surface  on  the  Clohan  and  Michael 
farms  just  south  of  the  cross-road  that  leads  east  from  Pike- 
side.  The  belt  now  has  a  width  of  225  to  250  feet  with  the 
Beekmantown  Limestone  on  the  west,  and  the  Chambersburg 
on  the  east.  An  analysis  was  made  of  this  limestone  on  the 
Michael  farm,  owned  by  the  National  Limestone  Company, 
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No.  183.     On  the  next  farm  south,  known  as  the  Fulk  farm, 
another  sample  was  taken  and  analyzed,  No.  211 : 

No.  212  No.  183  No.  211  No.  185  No.  184 

Silica    0.35  1.50  0.71  0.23  0.74 

Lime    carbonate 98.87  95.59  98.94  98.78  97.32 

Magnesium  carbonate.     0.89  2.77  0.95  0.73  1.87 

Iron  and  alumina 0.11  0.32  0.12  0.15  0.30 

100.22  100.18  100.72   99.89  100.23 

This  belt  is  found  500  feet  east  of  the  Winchester  Pike 
opposite  the  road  west  to  Tablers  Station.  Here  on  the 
Stewart  farm,  it  is  200  feet  wide  on  outcrop  and  well  exposed. 
Its  composition  at  this  place  is  shown  in  No.  185.  A  synclinal 
fold  here  makes  a  double  line  of  outcrop  with  a  short  west 
outcrop  following  the  line  of  the  pike,  but  dipping  below  the 
other  rocks  both  at  the  north  and  south,  so  that  its  total  length 
is  about  a  mile  and  a  quarter.  One  sample  was  taken  near  the 
northern  end  of  this  west  outcrop,  No.  184.  The  main  east 
belt  dips  below  the  Chambersburg  near  the  south  end  of  the 
Stewart  farm,  and  then  emerges  to  the  south  again. 

The  length  of  the  outcrops  south  of  the  Standard  quarries 
to  nearly  opposite  Tablers  Station,  including  the  short  west 
outcrop,  is  three  and  a  half  miles  with  an  average  width  of  200 
feet.  If  these  outcrops  were  worked  to  a  depth  of  100  feet, 
there  would  be  available  nearly  30,000,000  tons. 

WEST  QUARRY  DIVISION.— At  the  west  edge  of 
Martinsburg,  another  belt  of  low  silica  limestone  is  quarried 
by  the  Standard  Lime  and  Stone  Company.  It  dips  at  a  high 
angle  east  beneath  the  Chambersburg,  and  the  Middle  and 
Lower  Stones  River  Limestones  outcrop  to  the  west  of  the 
quarry. 

The  west  belt  extends  north  across  the  Fair  Grounds  to 
the  railroad  near  the  Standard  lime-kilns  where  it  narrows 
and  disappears.  Just  north  of  the  county  road  west  of  the 
Baltimore  and  Ohio  Railroad  and  south  of  the  kilns,  this  belt 
is  50  to  60  feel  wide,  and  is  of  high  degree  of  purity.  Samples 
B-ll  and  B-12  were  taken  south  of  this  county  road  and  about 
350  feet  apart,  north  and  south.  B-13  and  B-14  were  taken 
just  north  of  this  road,  while  B-15  and  B-16  were  taken  800 
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and  1050  feet  north  of  the  road.  The  analyses  were  made  by 
an  outside  company  for  the  purpose  of  testing  the  property  a 
few  years  ago : 


B-11 

B-12 

B-13 

B-14 

B-15 

B-16 

Silica    0.385 

1.02 

1.18 

0.52 

1.04 

0.52 

Lime  carbonate  98.60 

98.20 

98.40 

99.20 

98.20 

99.20 

Magnesium 

carbonate     trace 

0.75 

0.43 

trace 

0.30 

0.25 

A  short,  narrow  belt  to  the  east  of  the  main  outcrop  on 
this  same  farm  showed  a  higher  silica,  and  probably  is  a  fairly 
pure  limestone  in  the  Beekmantown.  The  samples  were  taken 
from  blasted  holes,  20  feet  apart  from  east  to  west,  with  a 
40-foot  interval  between  samples  A-4  and  A-6.  The  belt  has 
a  length  of  nearly  400  feet : 

A-2  A-3  A-4  A-6 

Silica    1.20         1.16         0.66         1.94 

Lime  carbonate 98.20       98.60       93.80       89 .  80 

Magnesium   carbonate 0.32       trace         4.81         7.52 

A  little  further  south  at  the  Standard  west  quarry,  three 
samples  were  taken  from  different  portions  of  the  quarry,  Nos. 
205,  206  and  217.  This  west  belt  was  followed  south  across 
the  Tuscarora  grade  road  to  the  west  lane,  three-fourths  mile 
south  of  this  road,  and  to  the  west  of  the  Cumberland  Valley 
Railroad,  where  sample  No.  207  was  taken.  This  belt  is  again 
well  exposed  in  the  railroad  cut  a  quarter-mile  or  less  south 
ot  the  last,  and  just  beyond  the  vinegar  plant,  and  its  compo- 
sition is  shown  by  analysis  No.  208. 

This  belt  crosses  the  Arden  road  about  half-way  between 
the  Winchester  Pike  and  the  railroad,  but  it  here  appears  to 
be  narrow  in  outcrop.  Its  composition  near  this  Arden  road  is 
shown  by  analysis  No.  209.  These  analyses  were  made  in  the 
Survey  laboratory : 

No.  205  No.206    No.  217    No.  207   No.  208   No.  209 

Silica     .  .' 1.54  0.32         0.37         0.28         0.54         0.39 

Lime  carbonate 94.97  98.54       98.98       98.95       98.72       98.56 

Magnesium  carbonate.     2.45  1.45         1.03         1.11         0.58         1.15 

Iron  and  alumina.....     0.37  0.18         0.11         0.15         0.15         0.16 

Loss    on    ignition 0.43       

99.76  100.49  100.49  100.49   99.99  100.26. 
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This  west  belt  appears  to  be  faulted  out  a.  short  distance 
south  of  the  Arden  road  and  disappears.  A  small  outcrop  is 
found  on  the  road  west  from  Pikeside  to  the  railroad,  which 
may  represent  a  corresponding  ledge  to  this  west  quarry  belt, 
but  this  correlation  is  doubtful.  Its  composition  at  this  place, 
a  short  distance  west  of  the  Winchester  Pike,  is  shown  by' 
analysis  No.  215 : 

No.  215  No.  216 

Silica    1.41         173 

Lime    carbonate 97 .  77  94.75 

Magnesium  carbonate 1.27         3.81 

Iron  and  alumina 0.17         0.25 

100.62     100.54 

Another  belt,  wdiich  is  regarded  in  this  district  as  a  direct 
continuation  of  the  West  Quarry  Belt,  has  been  opened  by 
the  Standard  Company  to  the  west  of  its  south  quarry  belt, 
nearly  two  miles  south  of  the  center  of  Martinsburg.  At  this 
quarry  the  dip  is  west,  while  the  south  quarries  dip  east,  and 
the  West  Quarry  belt  described  above  dips  east.  Further, 
this  new  Standard  quarry  belt  can  be  traced  north  to  the  south 
edge  of  Martinsburg  just  east  of  the  Winchester  Pike  on  a 
new  street  that  leads  east  from  the  pike,  where  sample  No.  216 
was  taken.  It  can  then  be  traced  north  to  the  toll-gate  where 
the  Arden  road  branches  off  from  the  pike  to  the  southwest. 
At  this  point  on  the  east  side  of  the  pike  road,  the  belt  has  a 
width  of  eight  feet  and  pinches  out  entirely.  At  this  place  the 
West  Quarry  belt  outcrops  over  1,000  feet  to  the  west.  As 
this  new  quarry  belt  is  traced  in  opposite  direction,  or  south, 
it  curves  to  the  east  and  joins  the  south  quarry  belt  on  the 
pitching  nose  of  the  anticline.  It  is  the  western  limb  of  this 
anticline. 

The  length  of  the  West  Quarry  Belt  from  the  lime-kilns 
south  beyond  the  Arden  road  is  two  and  a  half  miles,  and  tin- 
width  varies  from  50  to  225  feet.  If  we  assume  an  average 
width  <if  KX)  feet,  and  the  rock  is  worked  to  a  depth  of  100 
feet,  there  would  be  available,  allowing  a  million  tons  removed 
in  the  west  quarry,  '',()( >(),()()(>  ions  of  low   silica  limestone* 

DARKESVILLE-BUNKER  HILL  DIVISION,  The 
1  iain  bell  of  Upper  Stones  River  Limestone  traced  from  the 


"C" 

"D" 

No.  186 

0.46 

0.44 

0.42 

97.04 

97 .  20 

97.75 

1.50 

1,35 

0.99 
0.25 
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river  south  past  Martinsburg  dips  under  the  Chambersburg 
Limestone  southeast  of  Tablers  Station  and  east  of  the  Win- 
chester Pike.  It  emerges  again  near  the  county  road  leading 
east  to  the  Opequon,  a  mile  northwest  of  Darkesville,  and  then 
continues  south  into  Virginia,  where  it  was  observed  to  the 
east  of  Clearbrook. 

Just  south  of  this  east  road  from  the  pike,  sample  No.  186 
was  taken.  This  belt  crosses  the  county  road  leading  east 
from  Darkesville  and  at  a  point  about  a  half  mile  east  of  that 
place,  where  it  is  200  to  225  feet  wide.  This  limestone  was 
tested  in  car-load  lots  from  openings  made  just  south  of  this 
road,  and  the  results  are  given  below  as,  A,  B,  C  and  D  : 

"A"  "B" 

Silica    0.40         0.30 

Lime    carbonate 95 .  74       92 .  13 

Magnesium  carbonate.     2.70         4.95 
Iron  and  alumina 

The  outcrop  of  this  belt  is  exposed  on  the  next  two  roads 
south  and  a  mile  east  of  Inwood.  Good  outcrops  are  found  on 
Mill  Creek  and.  in  the  town  of  Bunker  Hill.  Large  quarries 
are  operated  a  mile  and  a  quarter  south  of  this  town  on  this 
belt  by  the  J.  E.  Baker  Lime  Company.  The  composition  of 
the  limestone  at  these  quarries  is  shown  by  the  following  Sur- 
vey analyses.  A  and  B  were  made  in  1905,  taken  200  feet 
apart,  while  sample  No.  164  was  taken  in  1915 : 

1905  1915 

"A"  "B" 

Silica    0.60         0.59 

Lime    carbonate 97 .  17       97 .  05 

Magnesium  carbonate 1.26         2.63 

Iron  and  alumina 0.46         0.47 

99.49  100.74   99.97   99.84 

This  belt  was  followed  further  south  to  beyond  the  State 
Line.  A  sample  was  taken  near  the  south  end  of  the  county 
just  west  of  Paynes  Chapel,  or  three-fourths  mile  southeast 
of  Ridgeway,  No.  165.  In  the  fields  here,  the  stone  outcrops 
in  good  ledges  with  a  width  of  200  feet,  and  it  is  well  exposed 
from  here  south  into  Virginia. 


No.  164 

No.  165 

0.29 

0.23 

98.20 

98.83 

1.29 

0.58 

0.19 

0.20 
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The  length  of  this  portion  of  the  Martinsburg  Quarry  Belt 
from  north  of  Darkesville  to  the  County  Line  is  seven  miles 
with  an  average  width  of  200  feet;  and  worked  to  a  depth  of 
100  feet,  deducting  one  and  a  half  million  tons  probably  re- 
moved in  the  Bunker  Hill  quarries,  would  yield  probably 
56,000,000  tons  of  low  silica  limestone. 

The  above  discussion  shows  the  great  importance  of  the 
so-called  Martinsburg  Quarry  Belt  in  its  different  divisions. 
It  is  almost  a  continuous  belt  from  the  Potomac  River  to  the 
Virginia  Line ;  and  on  it  are  now  located  some  very  large  quar- 
ries, with  abundant  space  for  many  more.  It  is  probably  the 
most  important  and  valuable  single  belt  of  rock  in  the  State, 
and  it  will  for  many  years  be  able  to  supply  the  steel  furnaces 
with  a  very  superior  fluxing  limestone.  The  estimates  given 
above  on  tonnage  indicate  an  approximate  total  tonnage  in  this 
belt  yet  available  of  227,000,000  tons.  If  this  rock  was  sold  at 
50  cents  a  ton,  it  would  yield  $113,500,000. 

Falling  Waters  Belts. 

just  west  of  Falling  Waters  is  a  belt  of  low  silica  lime- 
stone which  forms  a  long,  narrow  outcrop  in  the  form  of  an 
anticlinal  fold  dipping  at  the  north  under  the  Chambersburg 
Limestone  about  three-fourths  mile  north  of  the  road  leading 
west  from  Falling  Waters.  It  extends  about  a  mile  south 
where  the  anticline  dips  under  the  shales,  with  a  minor  syn- 
cline  on  the  east  side  which  brings  the  shales  to  the  surface  in 
a  narrow  belt  extending  north  nearly  to  this  Falling  Waters 
west  road.  The  belt  is,  therefore,  about  a  mile  and  three- 
fourths  long  with  an  average  width  of  225  feet.  If  this  out- 
crop was  worked  to  a  depth  of  100  feet,  it  would  represent 
about  16,000,000  tons  of  available  low  silica  limestone.  The 
northern  portion  ol  the  bell  is  owned  by  the  Standard  Lime 
and  Stone  Company,  but  no  quarries  are  opened  in  it.  This 
outcrop  is  well  exposed  on  the  west  bank  of  Falling  Waters 
Run,  a  quarter  mile  west  of  the  town.  The  Chambersburg 
Limestone  over  it,  at  the  east,  dips  east  35  degrees;  and  the 
same  limestone  t<»  the  west  of  the  belt  dips  west  20  degrees. 
II i<-  bell   is  thus  on  the  center  of  an  anticlinal   fold,  and  it   has 
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a  width  at  this  place  of  350  feet,  becoming  more  narrow  to  the 
north  and  south.  A  sample  was  taken  of  this  opening  about 
the  center,  No.  30.  This  is  a  light-dove-colored  limestone 
breaking  with  the  smooth,  shelly  fracture,  and  shows  some 
indistinct  bird's-eye  effect  from  calcite  spots.  Sample  No.  31 
was  taken  from  the  west  wall  of  the  outcrop,  and  the  rock  has 
a  similar  appearance  to  the  other  sample. 

To  the  south  on  the  next  cross-road  about  700  feet  west 
of  the  Williamsport  Pike,  this  belt  of  low  silica  limestone  out- 
crops at  the  bend  of  the  road  in  the  woods  along  a  step  ravine 
on  the  Porterfield  farm.  It  there  has  a  width  of  225  feet.  On 
the  eastern  side  of  the  outcrop,  it  dips  30  degrees  east,  and 
there  is  a  western  dip  on  the  western  side  of  the  belt.  This 
outcrop  was  sampled  on  the  western  side,  No.  35.  It  was  sam- 
pled near  the  center,  No.  36.  The  belt  disappears  a  short  dis- 
tance south  of  this  road : 


No.  30 

Silica    0 .  65 

Lime    carbonate 98.73 

Magnesium  carbonate. 0.93 

Iron  and  alumina 0.16 


No.  31 

No.  35 

No.  36 

0.65 

0.87 

0.84 

98 .  60 

98.67 

98.85 

1.11 

0.28 

0.30 

0.15 

0.20 

0.16 

100.47  100.51  100.02  100.15 

East  of  Falling  Waters. — About  one  mile  southeast  of 
Falling  Waters,  there  is  an  outcrop  of  low  silica  limestone  in 
a  ravine  or  draw  just  south  of  the  Potomac  River,  which  is 
controlled  by  a  syndicate  of  local  people,  and  it  is  known  as 
the  Syndicate  belt.  The  erosion  in  this  valley  has  removed  the 
overlying  Chambersburg  and  has  exposed  a  good  width  of  the 
low  silica  limestone  of  the  Upper  Stones  River  which  dips  to 
the  north  and  south  under  the  higher  silica  rock. 

The  belt  is  exposed  north  and  south  with  a  length  of 
about  1,800  feet  and  a  width  of  315  feet.  The  rock  dips  east 
35  to  40  degrees.  The  stone  is  a  light-gray  or  dove-color, 
breaking  with  the  smooth,  shelly  fracture,  and  is  low  in  silica. 
At  the  north,  the  river  bluffs  are  all  Chambersburg  Limestone 
with  about  four  per  cent,  silica,  but  the  low  silica  limestone  is 
said  to  outcrop  at  the  base  of  the  vertical  cliff  at  the  water- 
level.     This  point  could  not  be  reached  from  above.     There 
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would  be  in  this  outcrop  worked  to  a  depth  of  100  feet  approx- 
imately 4,300,000  tons  of  limestone.  Samples  were  taken 
across  this  outcrop.  No.  37  was  from  the  east  wall.  No.  38 
was  taken  from  the  center.  No.  39  is  from  near  the  west  wall, 
while  No.  41  is  from  near  the  north  end  of  the  ravine  outcrop : 

No.  37  No.  38  No.  39  No.41 

Silica    0.41  0.33  0.32  0.38 

Lime  carbonate 98.47  98.73  98.76  98.70 

Magnesium    carbonate 1.11  0.90  0.92  0.96 

Iron  and  alumina 0.24  0.20  0.23  0.18 

100.23     100.16     100.23     100.22 
National  Limestone  Belt. 

Two  miles  southeast  of  Martinsburg  and  east  of  the 
Standard  quarries,  an  anticlinal  fold  in  the  Martinsburg  Shales 
brings  the  Chambersburg  and  Stones  River  Limestones  to  the 
surface  in  an  elongated,  lenticular  outcrop.  On  this  outcrop 
the  National  Limestone  Company  quarries  are  located. 

On  the  eastern  side  of  the  fold,  the  Upper  Stones  River 
low  silica  limestone  is  exposed  in  a  continuous  belt  with  an 
east  dip  of  40  to  50  degrees.  On  the  western  side,  the  low 
silica  limestone  shows  at  the  north  and  again  toward  the  south, 
but  the  outcrop  is  not  continuous.  The  dip  is  about  40  degrees 
west.  Between  the  two  belts  along  the  center  of  the  fold,  the 
underlying  Beekmantown  Limestone  is  exposed.  The  cauli- 
flower chert  horizon  of  this  limestone  is  close  to  the  east  out- 
crop belt  of  Stones  River,  so  that  the  Lower  and  Middle 
Divisions  of  the  Stones  River  are  very  thin  or  absent. 

The  fold  dips  or  pitches  to  the  north,  so  that  the  Cham- 
bersburg Limestone  passes  under  the  shales  to  (he  south  of 
the  Baltimore  and  Ohio  Railroad;  and  the  Stones  River  dips 
under  the  Chambersburg  almost  a  half  mile  south  of  the 
(  'harlestown  county  road  which  leads  past  the  Sutton  School- 
house  to  the  Opcquon.  Traced  southward,  the  Chainbersburq 
dips  under  the  -hales  near  the  east  lane  that  follows  Buzzard 
knii  easl  from  the  Winchester  Pike.     The  Stones  River  out- 

I  rop  '-nds  a  little  Over  a  hall  mile  north  ol  this  place,  or  just 
SOUth  ol   the  lane  thai    leads  east    toward  Sulphur  Spring   Run. 
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The  length  of  this  east  outcrop  of  low  silica  stone  is  two  and 
three-fourths  miles  with  an  average  width  of  225  to  250  feet. 

The  west  belt  extends  south  nearly  to  Evans  Run,  with  a 
small,  narrow  outlier  just  south  of  this  run.  It  again  outcrops 
with  short  length  to  the  north  and  south  of  the  road  which 
leads  east  from  the  Winchester  Pike  at  Pikeside.  The;  total 
length  of  exposed  western  outcrop  is  one  and  a  fifth  miles, 
with  a  width  at  the  north  of  140  to  160  feet,  and  only  40  to  50 
feet  near  Evans  Run.  This  narrow  portion  of  the  belt  shows 
an  exceptionally  pure  limestone  containing  over  99  per  cent, 
lime  carbonate  in  analyses  of  car-load  lots.  Where  the  east 
and  west  belts  come  together  on  the  north-dipping  end  of  the 
fold,  the  width  over  a  length  of  400  feet  is  1,000  feet.  The 
available  tonnage  of  low  silica  in  the  two  outcrops  on  this 
fold,  according  to  the  above  measurements  and  worked  to 
a  depth  of  100  feet,  would  be  33,000,000. 

Nearly  all  this  outcrop  is  owned  by  the  National  Lime- 
stone Company,  and  their  quarries  and  plant  are  described  in 
the  preceding  Chapter.  A  number  of  chemical  analyses  have 
been  made  on  this  belt  at  different  times.  The  following 
analyses  were  made  in  1905  from  samples  taken  from  blasted 
holes,  three  to  six  feet  deep.  Numbers  1  to  8  were  taken  across 
the  1,000  feet  of  outcrop  at  the  north  end  of  the  fold,  while  the 
others  were  taken  from  north  to  south  on  the  west  outcrop  to 
Evans  Run : 


Lime      Magnesium  Lime      Magnesium 

No.  Carbonate    Carbonate  No.  Carbonate   Carbonate 

1    98.00  0.50  16  98.80  1.10 

2    97.60  ,0.48  17 98.00  0.40 

3    94.00  1.50  18  97.10  1.60 

4   96.50  0.70  19  98.50  0.45 

5    97.50  0.60  20 98.60  0.50 

6    96.00  0.82  21 97.80  1.40 

7    97.00  0.50  22  97.50  1.20 

8    98.60  0.80  23  97.40  0.90 

9    98.00  0.65  24  97.50  2.40 

10   98.50  0.30  25  96 .  40  1.90 

11    95.60  1.70  26  97.00  0.70 

12    95.70  2.30  27  98.60  0.24 

13    97.80  1.90  28  97.80  0.32 

14    97.40  0.70  29  97.00  2.00 

15    98.80  1.10  30  98 .  00  0.88 

31  98.80  0.40 
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The  above  analyses  on  this  west  outcrop  show  a  very  low 
silica  limestone  with  some  outcrops  of  high  silica  stone  which 
can  readily  be  separated.  The  average  composition  of  this 
belt,  according  to  these  analyses,  would  be  97.48  per  cent,  lime 
carbonate  and  1.00  per  cent,  silica.  The  east  outcrop  is  much 
lower  in  silica  and  averages  around  a  half  of  one  per  cent. 

The  following  analyses  were  made  of  this  east  outcrop  in 
the  Survey  laboratory.  A  new  quarry  has  been  opened  near 
the  north  end  of  the  east  outcrop  and  now  has  a  depth  of  18 
feet.  Sample  No.  93  was  taken  near  the  bottom  of  this  new 
quarry,  and  it  is  a  dark-gray  rock.  No.  94  was  taken  about  fif- 
teen feet  higher  in  the  formation,  but  at  about  the  same  level 
in  the  quarry.  No.  95  is  an  average  of  15  feet  vertical  in  the 
quarry,  while  No.  96  was  taken  from  a  hole  below  the  present 
quarry  floor.  No.  97  is  from  a  ledge  of  higher  silica  stone, 
about  75  feet  west  of  the  deep  No.  1  quarry,  and  it  may  repre- 
sent a  thin  remnant  of  the  Middle  Stones  River.  No.  98  is  the 
medium-grade  stone  on  the  west  wall  of  this  deep  quarry. 
No.  182  is  further  south  on  this  east  belt  and  near  the  south 
end  of  the  No.  2  quarry  and  south  of  Evans  Run : 

No.  93   No.  94  No.  95   No.  96  No.  97   No.  98   No.  182 

Silica     1.49       1.16  0.93       1.53  3.21       1.36       0.60 

Lime    carbonate 96.07     97.04  97.46     96.30  83.36     95.88     97.49 

Magnesium  carbonate    2.57       1.94  1.49       2.11  12.74       2.63       1.42 

Iron  and  alumina.  .  .     0.32       0.20  0.22       0.35  0.53       0.37       0.47 


100.45  100.34  100.10  100.29  99.84  100.24  99.98 

The  National  Limestone  Company,  prior  to  the  purchase 
and  development  of  this  tract,  made  diamond  core  drillings 
over  the  property  under  the  supervision  of  the  writer,  and  the 
analyses  of  these  cores  were  made  by  A.  S.  McCreath  and  Son, 
at  Harrisburg,  Pa.  A  few  of  these  records  are  given  to  show 
the  character  of  the  Stones  River  Limestone  with  depth.  Hole 
No.  1  was  drilled  near  the  north  end  of  the  east  outcrop  and 
the  analysis  shows  a  very  pure  limestone  to  the  bottom  of  the 
hole,  62  feet.  Hole  No.  4  was  drilled  north  of  the  good  lime- 
stone outcrop  on  the  overlying  Chambcrsburg,  but  struck  the 
Stones  River  at  a  depth  of  85  feet,  showing  that  this  limestone 
continues    northward    below    the    surface.      Hole    No.    7    was 
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drilled  near  the  south  end  of  the  west  outcrop  in  the  very 
high-grade  limestone  of  that  area.  Hole  No.  8  was  drilled  a 
short  distance  east  of  No.  7.  Hole  No.  19  was  drilled  near  the 
south  end  of  the  property  and  about  three-fourths  mile  north 
of  the  extreme  south  end  of  the  outcrop  of  Stones  River : 

Hole  Hole  Hole  Hole 

No.  1  Hole  No.  4  No.  7  No.  8  No.  19 

0-62  ft.  0-85  ft.  85-1 30  ft.  0-21  ft.  0-130  ft.  (M  25  ft. 

Silica 0.27  11.72  0.32  0.28  0.78  0.36 

Lime  carbonate. .  98.53  78.48  98.30  98.86  97.08  98.41 
Magnesium 

carbonate..,       0.74  5.36  0.86  0.67  1.50  1.10 

Iron  and  alumina       0.42  4.29  0.43  0.25  0.57  0.20 


99.96         99.85         99.91       100.06         99.93       100.07 
Blair  Limestone  Belt. 

East  of  Opequon  Creek  and  north  of  the  main  line  of  the 
Baltimore  and  Ohio  Railroad,  an  anticlinal  fold  brings  the 
Chambersburg,  Stones  River,  and  Beekmantown  Limestones 
to  the  surface  in  the  Martinsburg  Shale  area.  The  Chambers- 
burg Limestone  extends  south  of  the  railroad  for  nearly  two 
miles  before  it  dips  under  the  shales,  but  the  Stones  River 
Limestone  plunges  beneath  the  Chambersburg  north  of  the 
railroad.  The  cuts  of  the  railroad  at  this  place  show  outcrops 
only  of  Chambersburg  which  are  thrown  into  minor  folds. 

Traced  to  the  north,  the  Chambersburg  Limestone  dips 
under  the  shales  near  the  east  bend  of  Opequon  Creek  toward 
the  river,  and  the  Stones  River  dips  under  the  Chambersburg 
a  mile  further  south.  The  length  of  the  anticlinal  outcrop  of 
Chambersburg  is  over  seven  miles  with  a  width  near  the  cen- 
ter of  the  fold  of  three-fourths  mile.  Along  the  center  of  the 
fold  is  a  lenticular  outcrop  of  Beekmantown  Limestone. 

The  Upper  Stones  River  low  silica  limestones  outcrop  on 
the  eastern  and  western  sides  of  this  fold,  and  they  are  locally 
known  as  the  east  and  west  belts.  The  west  belt  has  an  aver- 
age width  of  300  feet ;  and  the  eastern  belt,  200  to  250  feet.  On 
the  dipping  ends  of  the  fold  at  the  north  and  south,  the  two 
belts  unite  into  one  outcrop. 

At  the  south  end,  the  two  belts  unite  just  south  of  the 
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Blair  quarries  and  then  dip  in  a  short  distance  under  the 
Chambersburg.  At  the  north,  the  two  belts  come  together 
near  the  road  which  crosses  the  Opequon  at  Myers  Bridge, 
and  then  continue  north  for  a  half  mile  as  a  single  outcrop, 
though  even  here  there  is  a  very  narrow  belt  of  siliceous  lime- 
stone between  the  two  outcrops  of  low  silica  stone.  At  this 
place  the  western  portion  of  the  belt  has  a  width  of  350  feet 
and  the  eastern  portion  is  about  175  feet,  or  a  total  width  of 
525  feet  near  the  county  road. 

In  the  Blair  quarry  north  of  the  Schoppert  Ford  road 
which  is  three-fourths  mile  north  of  the  railroad,  a  minor  syn- 
cline  brings  the  Chambersburg  into  the  quarry,  dividing  the 
east  belt  for  a  short  distance  into  two  divisions.  These  out- 
crops of  Stones  River  Limestone  are  marked  by  minor  folding 
which  complicates  the  structure.  The  two  separate  belts  have 
a  total  length  of  three  and  a  fourth  miles  and  an  average  total 
width  of  500  feet.  At  the  north,  the  united  belts  have  a  length 
of  three-fourths  mile  with  an  average  width  of  400  feet.  In 
all  the  outcrops  on  this  anticlinal  fold,  by  the  above  measure- 
ments, worked  to  a  depth  of  100  feet,  there  would  be  available 
90,000,000  tons  of  low  silica  limestone. 

The  south  end  of  this  outcrop  with  a  length  of  nearly  a 
mile  and  a  half  is  controlled  by  the  Blair  Limestone  Company 
which  has  opened  large  quarries  and  operates  a  crushing  plant 
and  lime-kilns  as  described  in  the  preceding  Chapter.  This  is 
the  only  operating  plant  on  the  belt.  The  Carnegie  Steel 
Company  owns  a  small  tract  just  south  of  the  Blair  near  the 
railroad.  North  of  the  Blair  property  is  a  tract  owned  by  the 
LaBelle  Iron  and  Steel  Company,  of  Steubenville  and  Wheel- 
ing. To  the  west  of  the  LaBelle  property  is  a  tract  owned  by 
the  Standard  Lime  and  Stone  Company,  while  the  lands  to  the 
north  are  owned  by  a  Martinsburg  syndicate. 

The  northern  portion  of  this  outcrop  is  one  and  a  quarter 
miles  from  the  Cumberland  Valley  Railroad  at  Berkeley  Sta- 
tion, and  at  (his  point  could  be  connected  with  the  Baltimore 
and  (  )hio  connecting  switch.  The  proposed  cut-off  of  this  la!  • 
ter  railroad  via  Shcpherdstown  to  Harpers  Kerry  would  pass 
acros      the  outcrop  al   the  north  end  of  the   LaBelle  property. 


1 1- 1 


A-2 

B-1 

B-2 

C-1 

C2 

C-3 

0.88 

0.76 

0.40 

0.72 

0.40 

0.48 

97.02 

97.00 

98.65 

97.54 

98.30 

97.77 

1.80 

2.46 

0.30 

1.50 

1.21 

1.51 

0.30 

0.48 

0.30 

0.72 

0.46 

0.42 
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This  outcrop  is  40  to  80  feet  above  the  creek  level,  so  quarries 
could  readily  be  drained,  and  the  rock  is  low  in  silica  over  most 
of  the  outcrops. 

The  chemical  composition  of  the  limestone  at  the  Blair 
quarries  is  shown  by  the  following  analyses.  A-l  and  A-2 
are  from  the  furthest  south  quarry  on  the  east  belt.  B-1  and 
B-2  are  from  the  present  working-  quarry  further  north  on  this 
east  belt.  C-1  to  C-3  are  from  different  parts  of  the  new 
quarry  north  of  the  Schoppert  county  road,  or  about  a  mile 
north  of  the  first  quarry  (A)  : 

A-1 

Silica 0.76 

Lime    carbonate 97 .  41 

Magnesium  carbonate  1.32 
Iron  and  alumina....   0.72 

The  following  analyses  were  made  by  one  of  the  steel 
companies  about  seven  years  ago,  across  the  west  belt  of  the 
present  Blair  property,  over  a  width  of  400  feet.  Each  analysis 
represents  an  average  of  40  feet  in  width  of  outcrop,  and  they 
are  arranged  in  the  table  from  west  (No.  1)  to  east: 

No.  1 

Silica    0.67 

Lime    carbonate 88 .  79 

Magnesium  carbonate.     9.95 
Iron  and  alumina 0.28 

No.  12 

Silica 0.60 

Lime  carbonate 94.84 

Magnesium   carbonate.     4.16 
Iron  and  alumina...    .     0.23 

The  silica  is  low  in  all  these  samples,  and  the  magnesia 
decreases  eastward  on  the  belt  with  a  corresponding  increase 
in  lime  carbonate. 

In  1905,  the  writer  secured  samples  of  the  limestone  on 
the  present  Blair  tract,  which  were  analyzed  in  the  Survey 
laboratory,  and  these  are  given  below  by  numbers.  The  let- 
tered analyses  were  made  about  that  time  by  one  of  the  steel 
companies.  About  a  quarter  mile  north  of  the  north  Blair 
quarry  (C,  above  table),  is  a  fish-pond,  near  which  are  good 


No.  4 

No.  6 

No.  8 

No.  10 

0.49 

0.39 

0.92 

0.76 

91.71 

94.94 

88.95 

91.18 

7.05 

4.16 

9.38 

7.25 

0.28 

0.26 

0.20 

0.32 

No.  14 

No.  16 

No.  18 

No.  20 

0.50 

0.35 

0.32 

0.35 

96.80 

97.97 

97.52 

97.68 

2.30 

1.44 

1.78 

1.51 

0.38 

0.23 

0.28 

0.23 
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exposures  of  the  limestone.  To  the  west  of  this  pond  is  the 
outcrop  of  the  west  belt  where  samples  "A"  and  No.  149  were 
taken.  East  of  this  belt  is  a  higher  silica  limestone,  increasing 
in  amount  of  silica  as  traced  eastward,  illustrated  by  analyses 
"B",  "C",  and  No.  160;  then  comes  a  dolomite  still  higher  in 
silica,  No.  167  and  No.  168.  Further  east  is  the  outcrop  of 
the  east  belt,  here  400  feet  wide.  No.  150  was  taken  near  the 
west  side  of  this  east  belt,  and  "D"  near  the  east  side  of  the 
belt.  No.  148  is  the  Chambersburg  Limestone  just  east  of 
the  east  belt: 

"A"  No.  149  "B"  "C"  No.  160 

Silica    0.25  0.58  1.58  1.80  3.83 

Lime    carbonate 99.07  98.98  93.85  92.03  92.08 

Magnesium  carbonate       0.31  0.43  3.33  5.24  3.48 

Iron  and  alumina 0.37  0.75  1.24  0.93  1.14 

No.  167  No.  168  No.  150  "D"  No.  148 

Silica    4.43  3.85          0.79  0.74  5.77 

Lime    carbonate 59.36  58.47  99.36  98.42  90.73 

Magnesium  carbonate.   36.08  37.50         0.23  0.57  2.33 

Iron  and  alumina 0  91  0.92         0.31  0.27  1.85 

Further  north  on  the  lane  that  leads  west  to  Opequon 
toward  the  Eagle  Schoolhouse,  a  sample  was  taken  from  the 
west  belt  outcrop  not  far  from  the  creek,  No.  201.  From  the 
east  belt  near  the  north-and-south  county  road,  No.  202  was 
taken.  About  a  mile  further  north  on  the  east-and-west  county 
road  that  leads  west  to  the  Opequon  at  Julep  Bend,  a  sample 
was  taken  from  the  east  belt,  No.  203.  Sample  "A"  is  from 
the  west  outcrop  belt  and  about  a  half  mile  north  of  this  road : 

"A"      No.  201     No.  202    No.  203 

Silica    0.50 

Lime  carbonate 96.45 

Magnesium  carbonate 1.51 

Iron  and  alumina 1.60 


1.05 

1.01 

1.09 

96.96 

96.70 

97.01 

1.23 

1.99 

0.92 

0.25 

0.40 

0.37 

100.06       99.63     1(10.10       !i!t.:','.i 

The  limestone  between  the  east  and  west  belts  appears  to 
be  the  Beekmantown,  and  near  the  wesl  bell  it  is  a  dolomite 
high  in  silica.  The  following  analyses  were  made  of  (Ids  dolo- 
mite a  half  mile  north  of  the  county  road  mentioned  in  the 
preceding   paragraph,  and  just  cast  of  the  west  outcrop  belt. 


"B" 

"C" 

"D" 

"E" 

4.50 

7.60 

6.70 

3.50 

60.19 

55.77 

89.79 

87.48 

33.92 

34.82 

2.27 

8.18 

1.60 

2.00 

1.20 

1.00 
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"A"  and  "B"  are  dark-gray,  almost  black  rocks,  while  "C"  is 
a  light-gray.  "D"  is  the  Chambersburg  Limestone  just  west 
of  the  Stones  River  west  belt,  in  this  same  location.  "E"  is 
the  Chambersburg  a  half  mile  north  of  sample  "D" : 

"A" 

Silica 6.16 

Lime    carbonate 73.17 

Magnesium  carbonate.   IS. 78 
Iron  and  alumina '\  .%Q 

On  the  county  road  further  north  which  leads  east  to 
Greenburg  and  west  to  the  Opequon,  the  two  belts  are  still 
separated  by  about  600  to  750  feet  of  Beekmantown  Lime- 
stone. Sample  "F"  was  taken  from  70  feet  of  outcrop  near 
the  west  side  of  the  west  belt.  The  total  width  here  was  400 
feet.  Sample  "I"  was  taken  near  the  west  wall  of  the  east 
belt  and  its  amount  of  silica  would  indicate  that  it  was  prob- 
ably off  from  the  belt: 

"F" 

Silica 1.64 

Lime    carbonate - 93 .  84 

Magnesium    carbonate.      .....     3.18 

Iron  and  alumina 1 .  40 

The  following  analyses  were  made  by  one  of  the  steel 
companies  on  samples  taken  from  a  trench  excavated  east  and 
west  near  this  Greenburg  road.  The  samples  were  taken 
across  a  width  of  50  feet  each,  and  the  ones  quoted  are  from 
the  central  portion  of  the  west  belt  over  a  width  of  400  feet : 

Silica     r .  09 

Lime  carbonate 9i . 60 

Magnesium  carbonate.     3.19 
Iron  and  alumina 0.80 

The  following  analyses  were  made  by  this  same  com- 
pany near  this  same  road  across  the  east  belt  for  a  length  of 
250  feet.  The  samples  were  taken  over  each  50  feet  from  west 
to  east.  The  silica  runs  high  in  this  belt,  according  to  these 
analyses,  as  is -also  indicated  by  the  Survey  analysis  "I"  given 
in  the  second  table  above : 


"G" 

"H" 

iiir> 

0.69 

1.50 

2.20 

96.82 

94.15 

95 .  17 

1.29 

1.83 

1.51 

0.62 

2.40 

1.30 

0.76 

0.82 

1.00 

0.55 

95.90 

95.81 

95.67 

96.67 

1.82 

1.83 

1.74 

1.59 

1.10 

1.45 

1.30 

1.05 

1.34 

1.42 

1.01 

0.23 

92.27 

95.99 

95.56 

97.41 

2.72 

0.75 

1.69 

1.39 

3.41 

2.06 

1.48 

0.66 
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Silica i.66 

Lime    carbonate i;0 .  73 

Magnesium  carbonate.     5.51 
Iron  and  alumina 2  02 

Further  north  on  the  road  east  of  Opequon  Creek  at 
Myers  Bridge,  the  two  belts  are  practically  one,  separated  by 
a  very  narrow  belt  of  higher  silica  stone.  The  width  is  about 
400  feet  with  a  dip  increasing  eastward  from  30  to  52  degrees 
east.  The  limestone  is  a  light-gray  to  dove-color,  and  breaks 
with  smooth,  shelly  fracture.  The  ledges  are  well  exposed, 
and  the  Chambersburg  Limestone  outcrops  on  the  east  and 
west  sides  of  the  Stones  River  low  silica  rock. 

Analyses  were  made  of  this  limestone  from  samples  taken 
just  north  of  the  county  road.  No.  16  was  taken  near  the 
west  wall  of  the  belt.  No.  17  was  taken  about  the  center  of 
the  belt.  No.  18  represents  the  higher  silica  limestone  sepa- 
rating the  east  from  the  west  outcrop.  In  the  work  of  quarry- 
ing this  outcrop,  the  higher  silica  rock  of  No.  18  could  be  left 
as  a  wall  between  the  two  belts,  or  it  could  be  removed  and 
used  as  ballast: 

No.  16     No.  17      No.  18 

Silica    1.00         0.91         2.36 

Lime    carbonate 98.06       97 .  68       92 .  76 

Magnesium    carbonate 1.13         1.52         4.96 

Iron  and  alumina 0 .  37         0 .  23         0 .  26 

100.56     100.34     100.34 
Opequon  Limestone  Belt. 

A  belt  of  Stones  River  Limestone  outcrops  just  east  of 
Opequon  Creek  in  the  extreme  southwestern  corner  of  Jeffer- 
son County,  three  miles  east  of  Ridgeway  Station  on  the  Cum- 
berland Valley  Railroad,  and  four  miles  west  of  the  Balti- 
more and  Ohio  Railroad  at  Summit  Point.  This  outcrop  was 
found  in  Virginia  just  north  of  Wadesville  with  an  east  dip 
of  35  degrees.  It  probably  crosses  the  Baltimore  and  Ohio 
Railroad  near  Wadesville,  which  is  a  mile  and  a  half  south  of 
the  Stair  Line,  so  that  tbis  outcrop  can  readily  be  readied 
from  the  railroad. 

The  outcrops  of  Chambersburg  and   Stones  River  Lime 
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stones  are  here  in  an  anticlinal  fold,  with  the  Chambersburg 
on  the  west  side  dipping  35  degrees  west ;  and  on  the  eastern 
side  of  the  fold,  the  dip  of  the  Chambersburg  is  15  to  20  de- 
grees east.  This  fold  brings  these  limestones  to  the  surface 
through  the  shales.  The  Martinsburg  Shale  is  faulted  out  on 
the  east  side  of  the  fold  near  the  north  end,  so  that  along  most 
of  this  eastern  side  the  Beekmantown  Limestone  is  faulted 
against  the  Chambersburg. 

The  fold  dips  to  the  north  and  the  limestones  pass  under 
the  shales  south  of  Turkey  Run.  The  fold  continues  south  to 
Wadesville,  Virginia,  but  it  was  not  followed  south  of  this 
place  in  the  present  work.  The  length  of  the  limestone  out- 
crop in  Jefferson  County  is  three  miles  with  a  maximum  width 
of  three-fifths  mile.  The  Stones  River  outcrops  near  the 
eastern  side  of  the  fold.  The  Upper  Division  appears  to  be 
absent,  but  the  Middle  Division  is  well  shown  carrying  a 
large  quantity  of  black  flints.  The  soil  near  the  road  leading 
north  is  thickly  strewn  with  these  flints,  a  half  to  one  inch  in 
size.  The  flint  horizon  continues  north  along  this  road  for 
over  a  mile.  Associated  with  these  flints  are  ledges  of  light- 
gray,  high-grade  limestone,  which  has  the  appearance  of  being 
low  in  silica.    This  horizon  is  the  Middle  Stones  River. 

The  Middle  and  Lower  Stones  River  are  well  exposed  on 
the  next  road  north  which  leads  west  to  the  Opequon  near 
the  mouth  of  Silver  Spring  Run,  and  the  Upper  horizon  still 
contains  ledges  of  the  good  limestone.  The  Lower  division 
is  composed  of  dark-blue  to  bluish-gray  dolomites,  apparently 
high  in  silica. 

The  Stones  River  Limestones  dip  under  the  Chambers- 
burg south  of  the  east-and-west  lane  south  of  Turkey  Run. 
Whether  this  belt  of  Middle  Stones  River  contains  a  sufficient 
tonnage  of  low  silica  limestone  to  justify  development  can 
not  now  be  told.  It  would  require  trenching  and  excavation 
with  a  large  number  of  analyses  to  settle  this  question,  but 
the  Middle  Division  of  this  formation  seldom  contains  any 
large  quantity  of  low  silica  limestone.  One  sample  was  taken 
of  this  limestone  on  the  east-and-west  county  road  that  leads 
from  the  Opequon  to  Summit  Point,  and  at  a  point  just  east 
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of  the  first  road  to  the  northeast  of  the  creek,  No.  166  (given 
in  next  table  of  the  Leetown  belt). 

Leetown-Van  Clevesville  Limestone  Belt. 

The  broad  belt  of  Martinsburg  Shale  through  which  the 
Opequon  Creek  Valley  is  cut  is  bounded  on  the  east  by  a  belt 
of  Chambersburg  Limestone  from  near  the  mouth  of  the 
Opequon,  south  across  Berkeley  County  and  across  Jefferson 
to  beyond  Middleway.  On  the  eastern  side  of  this  Chambers- 
burg Limestone  belt  there  is  an  outcrop  of  Stones  River 
Limestone  which  can  be  traced  over  most  of  the  distance. 

This  belt  of  Stones  River  is  exposed  not  far  above  the 
mouth  of  the  Opequon  and  can  be  traced  without  a  break  to 
a  point  over  a  mile  south  of  Van  Clevesville,  where,  near  the 
Van  Metre  Schoolhouse,  the  outcrop  disappears.  It  is  seen 
again  further  south  near  the  east  edge  of  Leetown,  and  then 
can  be  followed  south  to  about  three-fourths  mile  north  of 
Middleway.     No  trace  of  it  is  seen  further  south  on  this  belt. 

At  the  north,  its  width  is  100  to  150  feet,  and  it  is  a  light- 
gray  to  cream-colored  limestone,  breaking  with  smooth  frac- 
ture, and  closely  resembles  the  rock  in  the  Martinsburg  quar- 
ries. No  quarries  are  opened  on  this  belt  and  no  tests  have 
been  made  on  the  stone.  The  outcrops  remote  from  the  rail- 
road are  too  narrow  to  justify  the  building  of  connecting 
switches.  The  favorable  location  and  one  that  should  be  ex- 
amined is  near  Van  Clevesville  where  the  limestone  belt 
crosses  the  railroad  and  passes  under  the  town.  The  out- 
crops in  this  area  are  for  some  distance  near  the  railroad.  No 
fossils  were  found  in  this  belt  of  limestone,  and  the  correla- 
tion of  this  limestone  with  the  Upper  Stones  River  is  there- 
fore doubtful ;  but  its  relation  to  the  overlying  Chambersburg, 
its  low  silica,  and  its  general  appearance,  would  indicate  that 
it  belonged  in  this  division. 

A  sample  of  this  limestone  was  taken  on  the  second  short 
west  road,  a  mile  and  three  fourths  south  of  Greenburg,  No. 
204,  where  the  width  is  100  feet,  though  the  outcrop  is  partly 
concealed  by  soil.     No.   190  was  taken  on   the  next    county 
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road,  three-fourths  mile  south  of  the  last  sample.  This  loca- 
tion is  about  a  mile  and  a  quarter  east  of  the  Opequon,  and 
the  belt  appears  to  be  still  about  100  feet  wide.  The  outcrop 
was  then  followed  south  across  the  fields,  and  sample  No.  191 
was  taken  a  mile  further  south  and  back  of  the  house  just 
north  of  the  railroad : 

No.  166    No.  204    No.  190    No.  191 

Silica     0.64         1.76         1.97         1.80 

Lime     carbonate 97.23       95.68       94.71       93.90 

Magnesium  carbonate 1.94         1.87         2.55         3.35 

Iron  and  alumina 0.25         0.42         0.46         0.35 

100.06   99.73   99.69   99.40 

This  belt  is  100  to  150  feet  wide  east  of  Leetown.  The 
outcrop  is  clearly  exposed  on  the  road  to  the  east  of  the 
Smithfield  Pike  about  one  and  three-fourths  miles  northeast 
of  Middleway,  where  it  is  seen  on  the  little  south  crook  of 
this  road.  It  is  not  exposed  on  the  road  east  from  Middleway 
to  Charlestown. 

Two  short  belts  of  Stones  River  outcrop  on  the  eastern 
sides  of  the  folds  to  the  west  of  Middleway,  and  at  the  east 
edge  of  the  town.  Each  has  a  length  of  about  a  mile  and  a 
half  with  a  width  of  100  feet;  but  no  tests  were  made  on  these 
outcrops,  though  they  appear  to  be  low  in  silica.  They  are 
too  far  removed  from  railroads  for  present  development. 

The  total  length  of  the  Stones  River  outcrops  from  the 
mouth  of  the  Opequon  to  beyond  Leetown  is  nine  miles.  The 
two  short  belts  west  of  Middleway  would  total  three  miles, 
or  a  total  length  of  outcrops  of  12  miles.  If  the  average  width 
be  taken  as  100  feet  and  the  stone  worked  to  a  depth  of  75 
feet,  there  would  be  available  38,000,000  tons  of  this  limestone. 

Whitings  Neck  Limestone  Belt. 

The  Whitings  Neck  bend  of  the  Potomac  River  is  east  of 
the  mouth  of  the  Opequon,  and  the  area  is  mostly  covered  by 
Beekmantown  Limestone.  Three-fourths  mile  east  of  Ope- 
quon Creek  and  to  the  east  of  the  north-and-south  county 
road,  is  a  broad  belt  of  fairly  high-grade  limestone,  higher  in 
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silica  than  the  quarry  rock  at  Martinsburg,  which  represents 
the  pure  limestone  belts  in  the  Beekmantown  Formation. 
This  group  of  rocks  was  described  in  the  early  part  of  the 
present  Chapter. 

Further  east,  near  where  the  east  part  of  the  county  road 
along  the  river  turns  north  and  near  the  western  part  of  the 
Neck,  there  is  an  outcrop  of  Stones  River  Limestone  which 
extends  north  to  the  river.  It  extends  south,  just  west  of  the 
house  on  the  east  lane  from  the  north-and-south  road,  and  it 
forms  steep  bluffs  on  the  river  bend  further  south"  on  the  next 
farm.  The  outcrop  is  found  again  on  the  east-and-west  road 
leading  from  Foltz  to  Scrabble,  just  east  of  the  road  that  leads 
north  to  Whitings  Neck.  It  also  is  found  a  short  distance 
east  of  Swan  Pond  and  disappears  a  short  distance  south. 

On  the  road  from  Foltz  east  to  Scrabble,  the  Beekman- 
town Limestone  to  the  west  of  the  Stones  River  outcrop  dips 
60  degrees  east;  and  east  of  this  outcrop,  the  Beekmantown 
dips  40  degrees  west.  The  structure  is  thus  a  syncline  bring- 
ing to  the  surface  the  Stones  River,  but  no  trace  of  the 
Chambersburg.  The  width  of  the  outcrop  of  high-grade  stone 
is  250  to  300  feet. 

This  limestone  was  sampled  on  the  short  lane  east  to  the 
house  at  the  south  end  of  Whitings  Neck,  No.  220.  A  sample 
was  taken  east  of  the  next  house  to  the  south,  No.  218,  and 
was  near  the  west  side  of  the  outcrop.  The  house  stands  on 
a  good  outcrop  of  the  pure  limestone  of  the  Beekmantown 
which  extends  north  to  the  river  bluffs.  The  two  outcrops 
of  Beekmantown  and  Stones  River  are  here  very  close  to- 
gether and  have  a  very  similar  appearance,  but  balls  of  chert 
of  good  size  are  associated  with  the  former  limestone,  and 
the  surface  of  the  ground  is  dotted  with  them  : 

No.  220 

Silica     3.42 

Lime    carbonate 92.83 

MaRno.sium  carbonate 2.69 

Iron  and  alumina 1.15 

100.09     100.54 


No. 

218 

1 

.73 

94 

.75 

3, 

.81 

0, 

.25 
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The  length  of  this  outcrop  of  Stones  River  Limestone  is 
five  miles.  If  an  average  width  of  250  feet  be  assumed  for 
the  belt,  and  worked  to  a  depth  of  100  feet,  there  would  be 
available  about  50,000,000  tons  of  limestone.  This  belt  was 
tested  at  the  north,  but  most  of  it  has  not  been  closely  in- 
vestigated, so  that  the  above  estimate  is  based  on  very  meager 
data  and  can  only  be  regarded  as  suggestive  as  to  the  real 
value  of  this  belt.  Over  the  greater  portion  of  Jefferson 
County,  there  is  no  trace  of  this  Stones  River  Formation  and 
the  limestone  outcrops  all  belong  to  the  lower  formations 
which  are  higher  in  silica  and  magnesia.  While  such  lime- 
stones have  little  or  no  value  as  fluxing  stone,  they  are  valuable 
for  other  purposes  as  outlined  in  the  preceding  Chapter. 

RESUME. 

The  review  of  the  low  silica  fluxing  limestones  given  in 
this  Chapter  shows  that  very  pure,  high-grade  limestones  are 
found  at  a  number  of  places  in  the  Beekmantown  Formation 
in  Berkeley  and  Jefferson  Counties,  but  that  they  are  usually 
too  high  in  silica  to  compete  with  the  Upper  Stones  River 
belts. 

The  Upper  Stones  River  Limestones  are  exceptionally 
low  in  silica,  and  nowhere  else  in  this  country  can  so  extensive 
deposits  of  this  grade  of  rock  be  found.  Large  quarries  are 
in  operation  upon  these  belts  owned  by  six  companies.  Tracts 
are  owned  and  held  for  future  development  by  steel  com- 
panies, while  other  tracts  are  owned  by  quarry  companies  and 
held  in  reserve,  and  still  other  tracts  are  owned  by  local  syn- 
dicates for  investment. 

Inquiries  for  tracts  of  this  grade  of  stone  are  frequent, 
and  from  time  to  time  detailed  tests  and  examinations  are 
made  by  outside  companies  with  the  object  of  securing  suit- 
able locations  for  quarries.  These  limestone  lands  are  held 
at  prices  ranging  from  $160  to  $300  per  acre,  depending  on 
the  location.  . 

These  belts  represent  a  large  value  and  are  important 
assets  of  the  county.    Estimates  of  tonnage  have  been  made  in 
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this  Chapter,  based  in  some  cases  on  somewhat  meager  data. 
The  working  depth  of  100  feet  is  based  on  drill  and  quarry 
records,  but  it  would  require  much  more  drilling  to  prove  the 
depth  on  the  untested  lands.  The  estimates  while,  therefore, 
approximate  are  of  interest  and  are  suggestive  as  to  quantity 
of  this  valuable  limestone  yet  available  in  the  ground.  With 
the  present  great  development  of  the  steel  industry,  the  lime- 
stone industry  should  have  a  future  growth  far  greater  than 
in  the  past.  The  attention  of  the  iron  and  steel  trade  will  be 
directed  more  and  more  to  this  field  with  its  advantages  of 
low  silica  in  the  rock,  low  freight  rates,  and  low  quarry  cost. 
In  the  following  table,  these  tonnage  estimates  are 
brought  together  to  illustrate  the  value  and  possibilities  of 
this  field,  giving  the  tonnage  available  from  open  quarrying. 
It  could  probably  be  doubled  or  even  trebled  by  underground 
mining  in  the  remote  future : 

Estimated  Tonnage  of  Low  Silica  Limestone  in  Berkeley  and 
Jefferson  Counties. 

Tons 

Martinsburg    Quarry    Belt 227,000,000 

Falling  Waters    Belt 20,000,000 

National    Limestone    Belt 33,000  000 

Blair  Limestone  Belt 90,000|000 

Opequon   Belt    (not   estimated) 

Leetown-Van   Clevesville   Belt 38,000,000 

Whitings   Neck    Belt : 50,000,000- 

Total    458  000,000 


CHAPTER  XVI. 


THE  LIME  AND  CEMENT  RESOURCES  OF  THE 
EASTERN  PANHANDLE  COUNTIES. 


LIME  AND   LIME   HYDRATE. 
Lime  Oxide  and  Classification  of  Limes. 

Lime  oxide  or  quicklime  is  usually  obtained  by  burning 
rocks  composed  mainly  of  carbonate  of  lime,  as  shells,  marl, 
chalk,  or  limestone.  The  process  is  a  simple  chemical  opera- 
tion, consisting  of  driving  off  the  carbonic  acid  gas  by  heat, 
thereby  leaving  the  quicklime  or  oxide.  The  amount  of  lime 
formed  from  a  given  quantity  of  limestone  depends  on  the 
purity  of  the  rock  from  which  it  is  made.  One  hundred 
pounds  of  pure  carbonate  rock  would  yield  56  pounds  of  lime 
and  44  pounds  of  carbonic  dioxide  gas  driven  off  into  the  air. 
In  the  Toledo  district,  they  estimate  it  requires  two  tons  of 
limestone  to  make  one  ton  of  lime.  Limestones  in  nature  are 
usually  impure,  containing  magnesia,  silica,  alumina  or  clay, 
iron,  sulphur,  and  organic  matter. 

Magnesia  when  present  in  any  considerable  amount  makes 
the  rock  burn  at  somewhat  lower  temperature,  and  also  makes 
it  slower  in  setting  time,  and  it  then  generates  very  little  heat 
on  hydration  so  that  magnesian  limes  are  called  cool  limes. 
The  explanation  of  this  lower  temperature  is  given  by  Emley1 
as  due  to  the  chemical  fact  that  magnesium  oxide  will  only 
combine  readily  with  water  when  it  has  been  burned  at  some 
temperature  below  1100°  C,  which  is  below  the  temperature 
in  the  ordinary  kiln.     The  hydration  of  calcium  oxide  gene- 


bureau  of  Standards,  Bull,  16,  p.  15;  1913. 
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rates  heat,  but  as  a  large  part  of  the  magnesium  oxide,  on 
account  of  high  temperature  at  which  it  was  burned,  will  not 
hydrate,  it  acts  as  an  inert  substance  which  must  be  heated  by 
the  calcium  oxide  and  the  hydration  does  not  generate  a  high 
temperature.  The  setting  of  a  plaster  is  in  reality  a  process 
of  crystallization  and  the  magnesium  oxide  or  hydrate  appears 
to  delay  this  process,  so  that  the  plaster  sets  more  slowly. 

Silica  when  present  in  small  amount  is  inert.  If  in 
larger  quantity  it  unites  with  the  lime,  forming  a  slag  over 
the  surface  of  the  limestone  blocks  and  prevents  their  com- 
plete calcination  and  results  in  underburned  blocks.  It  also 
lowers  the  quantity  of  sand  the  lime  can  carry  when  made  into 
mortar  and  thus  lowers  its  value  to  the  mason. 

Alumina  is  usually  inert,  but  if  present  in  considerable 
quantity  may  with  the  silica  give  the  lime  hydraulic  properties. 
Iron  may  darken  the  plaster  if  present  in  any  quantity  and 
thus  interfere  with  the  sale  of  the  product,  though  it  appears 
to  add  strength  to  the  plaster. 

CLASSIFICATION. — Limes  may  be  classified  into  four 
groups  in  which  the  differences  are  due  to  their  impurities. 
The  first  two  groups  are  sometimes  united  under  the  terms, 
Pure  limes,  or  Calcareous  limes,  or  High  Calcium  limes. 

Fat  or  Rich  Limes  contain  less  than  10  per  cent,  of 
impurities.  They  usually  are  quick  setting,  and  in  slaking 
generate  usually  a  high  degree  of  heat  and  are  therefore  called 
hot  limes.  On  slaking  they  expand  two  to  three  times  their 
original  bulk.  This  grade  will  carry  more  sand  than  the  poorer 
grades,  so  it  is  also  called  a  strong  lime. 

Lean  or  Poor  Limes  contain  more  than  10  per  cent. 
of  impurities,  consisting  of  silica,  alumina,  iron,  etc.  They  are 
not  made  except  in  sections  where  richer  limes  can  riot  be 
obtained,  or  where  they  can  find  a  sale  for  land  fertilizer. 

Magnesian  or  Dolomitic  Limes  are  made  from  limestones 
containing  10  to  IS  per  cent,  or  more  of  magnesium  carbonate. 
In  slaking  they  produce  a  very  slight  rise  in  temperature. 
I  he  expansion  is  less  than  in  fat  limes  and  they  are  slow  set- 
ting.    Tiny  arc  also  cool  limes. 

A  mason  using  magnesian  limes  can  place  two  to  three 
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times  as  many  brick  in  a  single  spread  of  mortar  as  he  could 
bv  using  a  quick-setting  lime.  The  plasterer  can  usually 
make  a  smoother  wall  with  the  slow-setting  lime,  and  where 
both  kinds  of  lime  have  been  used,  the  preference  is  for  mag- 
nesian  limes.  In  the  Mississippi  Valley,  the  demand  is  for 
pure  lime.  This  is  also  true  to  a  large  extent  in  West  Virginia, 
Baltimore,  and  Washington.  In  Philadelphia,  New  York,  to 
some  extent  in  Pittsburgh,  and  over  Ohio,  the  demand  is  for 
magnesian  limes. 

Hydraulic  Limes  are  made  from  limestones  containing  15 
to  20  per  cent,  of  silica  and  alumina.  They  may  contain  mag- 
nesia, but  if  so  this  element  appears  to  be  inert.  Such  limes 
siake  on  burning  and  mortars  made  from  them  will  set  under 
water. 

Hydraulic  Cements  are  made  from  similar  limestones  to 
the  last,  but  with  a  higher  percentage  of  silica  and  alumina. 
On  burning  they  form  a  clinker  which  must  be  ground  to  a 
flour  before  it  can  be  used. 

Setting  and  Hardening  of  Lime  Mortar. 

When  water  is  added  to  lime  it  forms  a  lime  hydrate  and 
on- exposure  to  the  air,  the  surplus  water  is  evaporated.  The 
setting  of  lime  mortar  is  considered  to  be  due  to  the  removal 
of  the  surplus  water  added  to  it,  and  the  complete  formation 
of  the  hydrous  silicate.  The  removal  of  all  the  moisture  by 
evaporation  and  the  combination  of  water  and  silica  with  the 
lime  oxide  would  bring  the  particles  into  close  contact,  form- 
ing a  weak  bond  by  cohesion  and  probably  crystallization, 
constituting  the  set  of  the  plaster.  The  time  required  will 
vary  with  the  kind  of  lime,  amount  of  impurities,  amount  of 
water  and  sand  used,  and  the  air  temperature.  In  some  plas- 
ters the  reaction  would  be  complete  in  very  short  time,  and 
in  magnesian  limes  it  may  take  place  after  several  minutes,  or 
even  hours  before  completed.  In  some  very  lean  or  poor  limes 
it  is  never  completed  and  the  lime  does  not  set.  After  the  set 
is  well  started  any  movement  of  the  plaster  will  weaken  the 
bond  and  injure  the  work. 
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The  hardening  of  lime  plaster  is  due  to  the  absorption  of 
carbonic  dioxide  from  the  air  by  the  plaster,  the  lime  com- 
pound forming  a  carbonate,  and  the  plaster  thus  tends  to  pass 
back  of  its  original  chemical  composition.  This  change  begins 
on  exposure  to  the  air  but  requires  a  considerable  length  of 
time  before  it  can  be  measured.  The  action  continues  for 
years  and  probably  is  not  completed  in  a  long  period  of  time. 
Old  mortars  have  been  analyzed  and  show  high  percentages 
of  lime  carbonate.  The  strength  of  lime  mortar  is  determined 
by  the  process  of  hardening  and  so  increases  with  time. 

Manufacture  of  Lime. 

When  limestone,  marl,  chalk,  or  shells,  composed  essen- 
tially of  carbonate  of  lime  are  heated  in  a  current  of  air  at  a 
temperature  of  1562°  to  1800°  F.,  the  carbonic  dioxide  is  driven 
off,  leaving  a  lime  oxide  known  as  quicklime.  In  order  to 
generate  this  temperature  there  would  be  required  on  theo- 
retical calculation  200  to  230  pounds  of  good  coal  to  burn  a 
ton  of  lime  from  a  fairly  pure  limestone  as  found  in  the  Mar- 
tinsburg  district,  but  in  the  kilns  now  in  use  in  this  section  it 
requires  500  to  600  pounds  of  coal  to  the  ton  of  lime  or  about 
two  and  a  half  times  the  theoretical  amount  required.  There 
is  thus  a  great  waste  of  heat  in  burning  lime  in  the  ordinary 
type  of  kilns.  The  above  figures  would  in  the  West  Virginia 
kilns  represent  about  312  to  375  pounds  of  coal  to  the  ton  of 
limestone.  In  the  Kelley  Island  district  in  Ohio  on  a  month's 
run,  it  required  315  pounds  of  coal  to  the  ton  of  limestone, 
which  figures  about  3v>  pounds  of  lime  to  a  pound  of  coal. 
The  figures  on  the  Martinsburg  district  on  a  purer  limestone 
would  give  3.6  pounds  of  lime  to  the  pound  of  coal,  so  that  the 
waste  of  fuel  is  no  greater  but  a  trifle  less  than  in  the  great 
lime  center  at  Toledo.  In  some  plants  and  in  some  kilns,  the 
figures  will  be  found  to  show  much  greater  loss  in  fuel. 

Various  types  of  kilns,  fireplaces,  and  burners  have  been 
patented  which  claim  to  reduce  this  waste  and  thus  add  to  the 
economy  of  lime  manufacture.  The  cost  of  fuel  represents 
oik-  fifth  of  the  total  cosj  of  the  lime  in  average  plants. 
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Wood  has  been  the  favorite  fuel  for  burning  lime  from  the 
beginning  of  the  industry.  With  the  growing  scarcity  of  wood 
and  the  greater  advantages  of  coal  fuel,  if  it  could  be  adapted 
to  the  work  of  lime  burning,  various  methods  were  patented 
and  used  to  render  coal  an  efficient  lime  fuel.  The  basic  prin- 
ciple of  most  of  these  methods  is  a  reinforced  or  mechanical 
draught,  of  which  there  are  two  methods  and  four  prominent 
types. 

The  two  methods  of  securing  increased  draught  in  a  kiln 
are  the  forced  and  induced  draught.  In  the  former,  the  draught 
is  increased  by  forcing  the  current  of  air  or  steam  or  both 
through  the  fire-boxes  from  below  the  grate-bars.  In  the  in- 
duced draught,  suction  is  applied  at  or  near  the  top  of  the  kiln, 
drawing  off  the  gases  and  drawing  the  flame  up  into  the  kiln. 
There  is  some  difference  of  opinion  as  to  which  is  the  better 
method  and  both  are  used. 

The  four  prominent  types  of  draught  now  in  use  are — • 
air,  steam,  air  and  a  gaseous  diluent  known  as  the  Eldred 
process,  use  of  a  suction  fan  at  the  top  of  the  kiln.  The  first 
two  represent  a  forced  draught,  the  last  a  simple  induced 
draught,  while  the  Eldred  process  is  a  combination  of  the  in- 
duced and  forced  draught. 

Actual  trials  have  shown  that  one  ton  of  coal  will  burn 
from  three  to  five  tons  of  lime,  the  variation  being  in  a  large 
part  due  to  method  of  draught  used,  and  also  to  method  of 
firing  the  kiln.  There  is  no  question  of  fuel  economy  by  the 
use  of  these  added  draught  appliances,  though  it  is  claimed 
by  some  lime  burners  that  there  is  an  important  question  of 
quality  of  lime  involved. 

One  cord  of  wood  will  burn  two  to  three  tons  of  lime 
In  an  ordinary  lime-kiln  without  any  artificial  draught  appli- 
ances, one  ton  of  coal  will  burn  about  the  same  amount  of  lime 
a,s  one  cord  of  wood,  though  the  heating  value  of  the  coal  is 
much  greater.  The  ordinary  conditions  of  a  lime-kiln  furnace 
are  much  more  favorable  for  securing  greater  efficiency  from 
wood  fuel  than  from  coal.  Economy  of  manufacture  of  lime 
with  coal  fuel  now  demands  some  form  of  reinforced  draught 
and  lime  manufacturers  are  now  recognizing  this  fact.     While 
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it  is  true  that  good  lime  can  be  made  with  coal  fuel  with  re- 
inforced draught,  it  is  also  true  that  the  careless  use  of  such 
draught  will  injure  the  quality  of  the  lime  and  too  strong 
draught  will  also  increase  the  fuel  cost  beyond  the  necessary 
amount. 

There  are  two  dangers  to  the  quality  of  the  lime  by  care- 
less or  wrong  use  of  reinforced  draught.  First,  if  the  heat  is 
made  too  intense,  it  may  cause  a  chemical  union  of  lime  with 
the  silica  impurity  of  the  stone  which  forms  a  lime  silicate  as 
in  cement  manufacture.  The  reaction  would  result  in  hard 
masses  in  the  lime  and  also  in  the  formation  of  a  silicate  coat 
around  the  blocks  of  limestone,  preventing  thorough  calcina- 
tion of  the  interior  with  a  result  of  underburned  cores. 

Second,  the  included  moisture  of  the  stone  being  sud- 
denly changed  into  steam  by  the  excessive  heat  would  burst 
the  blocks  of  stone  into  fragments  and  the  expansion  of  the 
rock  itself  would  bring  about  a  similar  result.  Such  changes 
would  yield  a  lime  composed  of  small  pieces  with  much  lime 
dust  which  chokes  the  draught  in  the  kiln  and  also  makes  a 
lime  not  .popular  with  the  market  demand. 

There  is  also  a  possible  third  objection  to  the  use  of  an 
excessive  draught  in  that  it  would  carry  a  portion  of  the  ashes 
into  the  kiln  there  to  be  fused  or  included  with  the  lime.  Jf 
the  ash  is  high  in  silica  or  alkalies,  or  sulphur,  the  trouble 
would  be  increased,  and  there  is  a  general  tendency  to  color 
the  lime  by  this  action. 

In  the  air  draught,  compressed  air  is  forced  through  a 
pipe  to  the  fire-boxes  of  the  kiln  and  increases  the  temperature 
by  insuring  complete  combustion  of  the  fuel,  and  further  car- 
ries the  flame  and  heat  well  up  into  the  kiln.  There  is  a 
marked  saving  in  fuel  and  increase  in  capacity  of  the  kiln. 
Against  the  use  of  forced  air  draught,  it  is  claimed  that  the 
temperature  is  raised  so  high  in  the  lower  part  of  the  kiln  that 
tlic  lime  is  burned  too  quickly  causing  the  rock  to  break  into 
small  lumps  which  on  exposure  to  the  air  rapidly  slake.  It  is 
also  iii^cd  thai  the  air-blast  introduces  a  large  amount  of  air 
into  the  kiln  and  so  slakes  the  linn.'.  The  ordinary  slaking  ol 
linn-  011  exposure  to  tin-  ail"  is  due  to  the  absorption  of  moisture, 


WEST    VIRGINIA    GEOLOGICAL    SURVEY.  481 

forming  the  hydrate.  If  dry  air  is  used  in  the  forced  draught 
there  could  be  no  air-slaking,  and  even  if  the  air  was  moist 
there  would  be  no  absorption  of  moisture  at  the  high  temper- 
ature of  the  kiln.  Further  the  breaking  of  the  lime  into  small 
pieces  prevents  air-slaking  rather  than  increasing  it,  on  ac- 
count of  the  surface  protective  coat  formed  over  the  finer  lime. 

In  the  use  of  a  forced  draught  it  is  important  that  the 
requisite  amount  of  air  should  be  used,  an  excess  of  supply 
will  prove  wasteful  of  fuel.  The  air  should  also  be  heated,  or 
a  considerable  amount  of  the  available  heat  of  the  fire  will  be 
consumed  in  heating  the  air.  The  admission  of  cold  air  below 
the  grate-bars  in  the  forced  air  draught  is  very  wasteful  of 
heat  and  also  soon  destroys  the  grate-bars. 

In  the  Shoop  kiln  which  is  used  in  several  plants  in 
Berkeley  and  Morgan  Counties,  the  cooling  lime  in  the  lower 
part  of  the  kiln  gives  off  heat  which  is  drawn  through  an  open- 
ing and  passes  up  as  heated  air  through  the  grate-bars,  the  ash 
pits  being  shut  off  from  the  outside  air.  A  steam  jet  is  intro- 
duced under  the  grate-bars,  thus  increasing  the  draught  while 
the  presence  of  the  steam  tends  to  prevent  the  too  rapid  com- 
bustion of  fuel.  The  objection  urged  against  this  method  on 
the  ground  that  the  introduction  of  steam  will  tend  to  slake 
the  lime  is  not  supported,  for  the  lime  at  the  high  kiln  tem- 
perature would  not  absorb  moisture. 

The  Eldred  process  of  burning  lime  with  coal  has  been 
adopted  by  many  of  the  large  lime  companies  and  they  pro- 
nounce it  a  success.  The  object  of  the  process  is  to  secure  a 
long  flame  with  coal  fuel,  bringing  the  heat  of  the  fuel  well 
within  the  kiln  instead  of  in  the  fire-boxes.  It  is  thus  aimed  to 
regulate  and  control  the  duration  of  combustion  by  regulating 
the  temperature  and  volume  of  the  flame  by  means  of  a  mix- 
ture of  air  and  a  natural  gaseous  diluent  composed  of  the  kiln 
gases  drawn  from  the  upper  part  of  the  kiln.  These  gases  are 
neutral  in  being  neither  combustible  nor  supporters  of  com- 
bustion since  they  are  poor  in  oxygen  and  can  be  mixed  with 
sufficient  fresh  air  to  give  the  required  percentage  of  oxygen 
in  the  mixture.  The  diluent  gases  act  as  a  carrier  of  the  heat 
of  combustion,  lowering  the  temperature  of  combustion  but 
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distributing  this  heat  uniformly  near  the  material  to  be  heated. 
One  ton  of  coal  in  this  process  is  claimed  to  yield  six  tons  of 
lime. 

Producer  gas  is  used  in  many  modern  plants  for  burning 
lime.  It  is  in  use  at  the  Security  plant  near  Martinsburg  and 
has  there  proved  very  successful  both  in  lowering  cost  of  fuel 
and  in  increased  capacity.  In  one  of  the  plants  in  the  Toledo 
district  of  Ohio,  a  month's  run  with  producer  gas  used  in  the 
Bradley-Duff  process,  one  pound  of  coal  burned  four  pounds 
of  lime,  and  in  some  other  plants  it  is  claimed  the  amount  of 
lime  was  increased  to  five  pounds.  The  coal  is  burned  in  this 
process  in  a  gas-producer  into  which  coal  is  automatically  fed 
and  a  spray  of  air  and  steam  spreads  over  the  interior  and  the 
gas  is  carried  in  water-sealed  pipes  to  the  kiln  grates.  There 
is  a  great  saving  in  fuel  and  also  a  saving  in  labor  cost  that 
amounts  to  about  one  cent  a  barrel  in  the  Toledo  plant.  With 
cost  costing  $3.00  a  ton,  the  saving  in  fuel  and  labor  by  use 
of  producer  gas  would  be  about  two  cents  a  barrel  of  lime. 
A  1000-barrel  plant  would  thus  save  daily  $20  by  its  use. 
Such  a  producer-gas  plant  will  cost  about  $25,000,  and  the  in- 
terest on  this  investment  would  be  five  dollars  a  day,  or  a  net 
saving  of  $15  daily  on  the  installation.  This  size  plant  would 
be  sufficient  for  ten  kilns  with  production  each  of  100  to  125 
barrels.  The  cost  includes  two  producers  12  feet  3  inches  in 
diameter  and  11  feet  6  inches  high,  with  water  pan  below  15 
feet  3  inches  long  and  2  feet  4  inches  deep,  with  all  necessary 
piping  to  kilns  and  automatic  rakers.  The  cost  of  the  ten 
kilns  ten  feet  in  diameter  and  35  feet  high  is  estimated  to  be 
by  contract  $25,000.  In  the  Toledo  district,  where  the  kilns 
are  built  by  the  company  with  their  own  men,  the  estimate  of 
cost  is  given  as  $1,600  each  for  above  capacity. 

Kilns  Used  in  Lime  Manufacture. 

Here  ami  there  over  the  eastern  Panhandl<   area  of  West 

Virginia,  the  fanners  gather  Up  the  loose  blocks  of  limestone 

the  fields  and  burn  them  in  a  home  made  kiln  for  use  on 

ll:,-   land  as  fertilizer.      Sncli   kilns  are  heaps  of  stone  piled  to 
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a  height  of  10  to  15  feet  and  containing'  about  1,500  cubic  feet, 
yielding  a  thousand  cubic  feet  of  lime  in  best  practice.  The 
stone  is  piled  on  a  grate  of  wooden  rails  with  large  blocks  of 
stone  at  bottom  and  to  the  top  are  inserted  vertical  pipes  for 
the  draught,  while  toward  the  sides  and  top  smaller  pieces  are 
placed.  The  kiln  is  long  and  narrow  and  is  drawn  in  toward 
the  top  so  that  it  has  a  rounded  cross-section.  Coal  usually 
of  slack  or  low-grade  is  mixed  with  the  stone  and  also  wood 
is  added,  and  the  whole  kiln  plastered  over  with  sod  and  clay 
except  for  various  small  openings  which  can  be  opened  and 
closed  to  regulate  the  draught.  The  wood  is  set  on  fire  and 
the  kiln  allowed  to  burn  out  which  requires  ten  days  to  two 
weeks.  Much  of  the  lime  so  made  is  underburned  and  is  of 
no  use,  but  enough  is  usually  obtained  for  the  farm  use. 
When  the  labor  and  fuel  costs  are  considered,  it  is  doubtful  if 
there  is  much  economy  in  this  method  except  where  the  loca- 
tion is  remote  from  a  lime  supply.  The  product  is  as  a  rule 
poorly  burned  and  there  is  a  large  amount  of  waste. 

On  some  farms  the  "dug-out"  kiln  is  made  as  a  permanent 
kiln  and  in  a  former  day  this  was  the  universal  type  of  kiln 
for  the  manufacture  of  lime  and  was  then  described  as  a  mod- 
ern form  of  kiln.  This  kiln  was  built  against  the  side  of  a  hill 
which  was  hollowed  out  to  receive  it.  It  was  built  of  stone, 
square  in  form,  with  a  road  above  where  the  stone  and  fuel 
were  hauled  and  dumped  in,  and  the  lime  was  drawn  below. 
In  the  early  type  it  was  filled  with  stone  and  fuel  and  burned 
and  the  lime  and  kiln  allowed  to  cool.  It  was  then  emptied 
and  the  next  charge  prepared.  There  was  a  great  waste  of 
fuel  in  heating  the  cooled  kiln  each  time  it  was  recharged, 
but  where  one  kiln  supplied  the  demand  for  a  period  of  weeks 
or  months,  and  wood  or  coal  was  cheap,  it  served  its  purpose 
very  well.  There  are  a  few  of  these  kilns  in  various  parts  of 
the  eastern  Panhandle  area  but  most  of  them  have  not  been  in 
use  for  years. 

In  a  modified  type  of  this  kiln  seen  in  the  country,  the 
stone  wall  is  built  up  above  the  fire-box  about  one-half  the 
height  of  the  kiln,  and  the  remainder  of  the  walls  are  made  of 
logs   set   square   and   plastered   with   mud.      This    method   of 
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burning  lime  for  the  farm  is  more  economical  than  that  of  the 
temporary  boulder  kilns  set  out  in  the  field  described  above. 
It  might  possibly  be  of  profit  for  some  of  these  kilns  back  from 
the  railroad  to  be  repaired  and  used  at  the  present  time.  The 
kilns  can  be  built  at  low  cost  when  the  other  work  of  the  farm 
is  not  pressing. 

In  the  continuous  kilns  the  lime  is  withdrawn  from  below, 
while  new  material  is  added  at  the  top,  the  fires  are  kept  up 
constantly  and  there  is  no  interruption  in  the  work  except 
for  repairs  or  to  decrease  production. 

In  the  old  type  of  square  stone  kilns,  the  height  is  18  to 
20  feet  and  the  sides  of  the  square  10  to  12  feet.  The  coal  and 
limestone  are  added  in  alternate  layers.  At  the  bottom  is  a 
layer  of  wood,  which  fired  starts  the  combustion  of  the  lower 
layer  of  coal  and  the  fire  gradually  works  through  the  kiln. 
As  the  lower  burned  lime  is  removed,  new  layers  of  coal  and 
limestone  are  added  above.  The  kilns  are  cheap  in  construc- 
tion, the  process  of  burning  is  simple,  and  the  lime  is  usually 
of  good  strength,  but  is  apt  to  be  dark  in  color  from  the  ash. 
The  layers  of  limestone  are  12  to  18  inches  deep  and  a  kiln  of 
about  1,400  cubic  feet  capacity  will  yield  900  cubic  feet  of 
lime  in  24  hours.1  It  requires  some  care  in  the  operation  of 
drawing  the  lime  from  these  kilns  to  secure  a  good  product. 
If  drawn  too  soon,  the  lime  will  be  underburned,  and  if  left  in 
the  kiln  too  long,  the  fire  crowds  toward  the  top  permitting 
the  lower  part  of  the  kiln  to  cool  down.  If  the  fuel  is  properly 
proportioned  to  the  amount  of  layers  of  limestone,  there  will 
be  no  danger  of  overburning. 

In  the  Jefferson  and  Berkeley  Counties  lime  district, 
there  are  20  of  these  stone-pot  kilns  which  were  used  in  the 
early  history  of  the  industry  for  building  lime,  but  at  the  pres 
ent  time  most  of  them  are  out  of  service,  and  the  others  are 
only  used  once  in  a  gnat  while  for  the  manufacture  of  agricul- 
tural lime.  Each  kiln  has  a  capacity  of  limestone  for  300  to 
325  bushels  of  lime  daily. 

Most  of  the  kilns  HOW  in  use  arc  iron  and  sled  shell  draw- 
kilns.     Some  of  these  are  constructed  011  various  patents  and 
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are  known  by  the  manufacturer's  name,  while  others  are  built 
at  the  plant  after  the  designs  of  the  company.  The  shaft  of 
the  kiln  consists  of  an  outer  cylindrical  shell  and  an  inner  brick 
cylinder  composed  of  two  or  three  rows  of  fire-brick,  or  of  a 
row  of  red  brick  with  an  inner  lining  of  fire-brick.  Between 
the  steel  shell  and  the  brick  cylinder  is  packed  non-conducting 
material,  earth  or  ashes.  The  shape  of  the  inner  cylinder,  the 
form  of  grates  and  fireplaces,  and  methods  of  draught,  vary  in 
different  styles  of  kilns. 

Most  of  the  kilns  used  in  the  eastern  part  of  West  Vir- 
ginia are  of  the  Decker  pattern,  with  the  interior  widening  at 
the  top  and  tapering  at  the  bottom.  They  are  usually  six  feet 
in  diameter  and  20  to  25  feet  high  with  a  daily  capacity  of  250 
to  300  bushels  of  lime  in  24  hours.  Below  the  fireplaces  the 
cooling  part  of  the  kiln  in  some  types  widens  to  eight  feet  in 
diameter.  Coal  is  used  as  fuel  and  is  burned  in  three  hori- 
zontal furnaces  built  out  from  the  kilns  at  points  equidistant. 
In  a  few  kilns  there  are  only  two  of  these  furnaces. 

The  kiln-shed  has  three  floors,  the  upper  near  the  top  of 
the  kiln  and  is  connected  with  the  quarries  by  inclines.  The 
middle  floor  is  level  with  the  coal  bins  and  is  the  firing  floor, 
while  the  ground  floor  about  level  with  the  floor  of  the 
freight-cars,  is  the  drawing  floor  where  the  lime  is  removed 
and  packed  in  barrels  or  loaded  as  bulk  lime  in  cars.  The 
daily  capacity  of  the  lime-kilns  of  Jefferson  and  Berkeley 
Counties  is  about  10,000  bushels  or  over  3,000  barrels.  The 
description  of  the  lime  plants  in  this  area  is  included  with  that 
of  the  quarries  in  the  preceding  Chapter. 

Cost  Data  on  Manufacture  of  Lime. 

A  ten-kiln  plant  with  daily  capacity  of  1,000  barrels  of  lime 
would  cost  about  $25,000  and  at  6  per  cent,  interest 
would  be  at  the  rate  of  0.50  cents  a  barrel  for  300  days'  work 
a  year.  The  depreciation  on  this  plant  which  should  be  good 
for  at  least  20  years  would  be  5  per  cent,  or  at  the  rate  of  0.42 
cents  per  barrel,  and  repairs  in  addition  to  that  included  in 
depreciation  would  be  about  0.10  cents  a  barrel. 
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A  cost  of  30  cents  a  ton  for  limestone  delivered  to  the 
kilns  is  a  liberal  estimate  and  should  readily  run  under  that 
figure  in  good  quarry  operation.  At  this  rate  it  would  cost 
54  cents  per  ton  of  lime  or  5  cents  a  barrel  (185  pounds  net). 
The  fuel  cost  with  coal  costing  $3  per  ton  (1  pound  of  coal 
burning  Zl/2  pounds  of  lime)  would  be  7.9  cents  per  barrel. 

The  labor  cost  would  involve,  in  a  ten-kiln  plant,  four 
men  to  unload  coal  from  the  cars  and  fire  the  kilns,  five  men 
to  draw  the  lime  and  load  in  bulk  on  cars ;  a  total  of  nine  men 
at  $1.50  a  day  or  $13.50.  There  would  also  be  a  brick-mason 
at  $3  for  repair  work  and  a  foreman  or  superintendent  at  $4. 
A  daily  labor  cost  of  $20.50  for  1,000  barrels  or  2  cents  a  barrel- 
The  total  cost  then  would  be : 

Quarry  cost  per  barrel  of  lime $0 .  05 

Fuel  cost  per  barrel  of  linn    079 

Labor  cost  per  barrel  of  linu> - . .      .02 

Interest,  6  per  cent.,  per  barrel  of  lime 005 

Depreciation,  5  per  cent.,  pe"  barrel  of  lime 0042 

Repairs,  per  barrel  of  lime 001 

$0.1592 

This  is  practically  16  cents  a  barrel  and  is  a  safe  estimate 
under  the  average  conditions.  A  confidential  report  on  costs 
at  one  Ohio  plant  showed  their  cost  to  be  under  17  cents  a 
barrel. 

As  to  the  question  of  profits  in  the  lime  business,  much 
depends  on  the  market  conditions.  There  have  been  periods 
of  time  in  the  past  few  years  when  there  was  not  enough  lime 
to  supply  the  demand  in  this  section.  Buyers  had  to  wait 
thirty  days  for  shipments,  and  at  other  times  the  kilns  were 
largely  idle  for  low  demand.  The  prices  also  fluctuate  to  some 
extent  and  prices  made  to-day  may  be  very  different  from 
those  of  the  next  month.  At  the  lime  this  report  was  written 
the  wholesale  price  of  lime  at  Baltimore  was  35  to  -10  cents  a 
barrel  and  freighl  rate  from  Martinsburg  was  10  cents  a 
barrel  which  made  the  price  at  the  kilns  25  to  30  cents.  The 
I'altiiiinre  price  was  regarded  as  exceptionally  low  and  at  thai 
time  oik-  order  lor  3,000  barrels  of  lime  was  placed  in  Pitts- 
burgh at  57  cents  per  barrel.    The  freighl  rate  to  Pittsburgh 
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from  Martinsburg  was  19  cents  a  barrel  which  would  have 
made  this  order  net  at  Martinsburg  38  cents  a  barrel,  which 
would  represent  a  very  large  profit  over  cost  of  production. 
Such  illustrations  show  the  lime  business  to  be  one  of 
very  large  profits  if  the  output  can  be  sold,  but  in  certain 
seasons  of  the  year  the  sales  are  light  and  as  has  been  stated 
the  market  demand  and  prices  fluctuate.  With  all  these  modi- 
fying conditions  the  profits  in  the  industry  would  seem  to 
justify  a  larger  development  than  is  found  in  this  great  lime- 
stone belt  of  Berkeley  and  Jefferson  Counties. 

The  Valuation  of  Limestone  for  Lime. 

Mr.  J.  S.  Grasty  of  the  Virginia  Geological  Survey  gives  a 
very  interesting  and  valuable  discussion  of  the  valuation  of 
limestone  for  the  manufacture  of  lime  (Rock  Products,  No- 
vember 7,  1914,  p.  30),  which  is  here  reproduced. 

Limestones  are  usually  impure  and  contain  such  com- 
pounds as  silica,  alumina,  iron,  and  magnesia,  in  varying  quan- 
tities. In  the  process  of  burning,  a  portion  of  the  lime  com- 
bines with  these  other  ingredients  and  is  thereby  lost  as  lime 
for  use  in  actual  work.  The  total  amount  of  lime  carbonate 
should  produce  a  given  amount  of  lime  oxide,  but  by  the  com- 
bination with  impurities,  it  gives  a  less  amount  of  oxide  or 
quicklime.  It  becomes  important,  therefore,  in  selecting  a 
limestone  for  lime  manufacture,  or  in  the  purchase  of  lime  on 
the  market,  to  determine  how  much  available  lime  is  really 
present. 

Mr.  Grasty  in  the  article  quoted  gives  the  various  steps 
in  the  calculation  of  the  factors  to  be  used  in  the  determina- 
tion of  the  available  lime.  The  factors  so  determined  are  as 
follows : 

1.  The  amount  of  lime  carbonate  consumed  in  union 
with  the  silica,  forming  di-calcium  silicate,  is  determined  by 
multiplying  the  percentage  of  silica  by  the  factor,  3.32. 

2.  The  amount  of  lime  carbonate  consumed  by  the 
alumina,  forming  tri-calcium  aluminate,  is  determined  by  mul- 
tiplying the  percentage  of  alumina  by  the  factor,  3.00. 
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3.  The  amount  of  lime  carbonate  consumed  by  the  iron, 
forming  tri-calcium  ferrate,  is  determined  by  multiplying  the 
percentage  of  ferric  oxide  by  the  factor,  1.875. 

By  taking  the  total  results  from  these  three  factors  and 
deducting  from  the  total  lime  carbonate  given  by  the  analysis 
of  the  limestone,  the  difference  will  give  the  total  amount  of 
lime  carbonate  really  available  for  lime.  A  ton  of  limestone 
multiplied  by  this  actual  available  percentage  will  give  the 
number  of  pounds  available  lime  carbonate.  This  product 
multiplied  by  56  per  cent,  will  give  the  weight  of  lime  oxide 
which  the  limestone  should  yield. 

To  illustrate  this  method  of  determination  of  the  value  of 
a  limestone  for  lime  manufacture,  two  limestones  will  be  taken 
from  Berkeley  County.  The  pure  limestone  is  from  near 
Martinsburg,  while  the  other  is  from  the  Helderberg  horizon  : 

A  B 

Lime    carbonate 98.98  89.38 

Magnesium    carbonate 0 .  43         2 .  25 

Silica 0.58         5.32 

Alumina    0.13         1.20 

Iron  oxide 0 .  75         0.23 

Using  the  above  factors,  we  have : 

Silica o.58     x     3.32       =     1.92 

Alumina   II. 13     x     3.00       =     0.39 

Iron    0.75     x     1.875     =     0.41 

Total    3.72 

98.98  —  3.72  =  95.26  per  edit,  of  available  lime  carbonate.  One 
ton  (2240  pounds)  x  95.26  per  cent.  =  2133.8  pounds  of  lime  carbonate. 

2133.8  pounds  lime  carbonate  x  56  per  cent.  =  1194.9  pounds  of 
lime   oxide. 

Taking  the  other  more  impure  limestone,  we  have" 

Silica    5.32     x     3.32  17.66 

Alumina    1.20     x     3.00        =        3.60 

Iron    0.23     x     1.875     =       0.43 

Total    21.69 

89.38  —  21.69         67.69  per  cent,  of  available  lime  carbonate.     One 
inn  (2240  pounds)  x  67.69  per  cent.        1516.2  pounds  of  lime  carbonate. 
1516.2  pounds  lime  carbonate  x  r,t;  per  emit.    =    849  pounds  of  lime 
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The  pure  limestone  at  Martinsburg  would  yield  per  ton 
71  per  cent,  more  lime  oxide  than  this  more  impure  limestone. 
This  simple  calculation  will  enable  anyone  to  determine  the 
value  of  their  limestone  for  lime  manufacture  after  they  se- 
cure analyses. 

Manufacture  of  Hydrate  Lime. 

Calcined  lime  leaves  the  kiln  in  lumps  of  varying  size. 
When  water  is  added  to  it,  the  lime  oxide  crumbles  to  a  flour 
and  the  process  is  called  slaking  or  hydration.  The  resultant 
product  is  a  lime  hydrate  that  is  soluble  in  water.  The 
volume  and  weight  of  the  lime  are  much  increased  by  hydra- 
tion. In  pure  limes  the  increase  in  weight  is  one-third,  and  in 
magnesian  limes  the  increase  is  14  to  16  per  cent 

In  the  old  methods  of  hydration,  the  necessary  amount  of 
water  or  more  usually  an  excess  is  poured  over  the  lime  in  a 
wooden  box  and  left  until  the  lime  is  properly  hydrated  or 
slaked.  When  proper  precautions  are  taken,  the  lime  is  uni- 
form and  good.  Careless  work  will  injure  the  product  and 
result  in  inferior  work.  Too  much  water  will  give  a  nearly 
fluid  paste  of  lower  strength.  Too  little  water  added  at  first 
is  apt  to  chill  the  lime  in  the  process  of  slaking  and  give  a 
granular  product.  Unburned  cores  and  overburned  lumps 
are  removed  by  passing  the  hydrated  lime  through  a  screen 
in  the  end  of  the  box.  This  will  keep  out  the  larger  masses, 
but  small  nodules  may  pass  through,  and  later  on  the  wall 
will  further  slake  and  cause  popping  and  blistering  of  the  wall. 

As  a  rule  unskilled  workmen  are  employed  in  this  work 
of  slaking  and  through  carelessness  or  haste  used  in  the  work, 
a  poor  product  may  result.  Experiments  were  carried  on  the 
line  of  making  a  hydrate  or  slaked  lime  that  will  be  safe  and 
uniform  and  could  be  sold  to  the  plasterers  for  immediate  use 
without  going  through  the  work  of  slaking  in  open  boxes. 
There  are  a  number  of  such  processes  on  the  market  and  the 
hydrate  manufacture  has  become  so  successful  that  many 
markets  now  demand  the  lime  in  this  form.  The  product  is 
sold  under  various  names,  as,  lime  hydrate,  cream  of  lime, 
limoid,  enamel  finish,  Banner  hydrate,  etc. 
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The  two  methods  that  have  perhaps  attracted  the  most 
attention  are  the  Clyde  and  the  Kritzer.  The  Clyde  system 
is  installed  at  the  Bakerton  plant  of  the  Standard  Lime  and 
Stone  Company  and  also  at  the  plant  of  the  Harpers  Ferry 
Lime  Company.  In  this  process  the  large  lumps  of  lime  are 
crushed  in  a  rotary  crusher  or  in  Fuller  mills  and  then  elevated 
to  bins  over  the  hydrating  machine.  The  crushed  lime  is 
drawn  from  the  bins  into  a  hopper  scale  in  1,000-  to  2,000- 
pound  lots  and  dumped  into  the  circular  rotating  hydrator 
pan.  Over  this  pan  is  an  automatic  water  sprayer  which  uni- 
formly sprays  the  lime  with  a  weighed  quantity  of  water,  and 
the  operation  of  hydration  requires  about  one-half  minute  on 
pure  or  high  calcium  limes.  Scrapers  in  the  pans  insure  a 
complete  mixture  and  the  heat  generated  evaporates  all  the 
free  moisture,  leaving  the  lime  as  a  fine  impalpable  powder 
with  a  maximum  temperature  of  200°  F.  After  the  hydration 
is  complete,  the  lime  rapidly  cools  and  is  dumped  into  con- 
veyors to  the  screens  which  remove  any  large  particles  and 
any  underburned  or  overburned  pieces.  The  lime  is  screened 
to  a  fineness  of  40-  to  200-mesh  as  the  market  may  demand; 
The  pitch  of  the  screen  determines  the  fineness.  After 
screening,  the  lime  is  elevated  into  bins  from  which  it  is 
drawn  into  barrels  or  sacks.  The  product  is  usually  shipped 
in  paper  bags  of  50  to  100  pounds.  With  some  of  the  patent 
sacking  machines,  one  man  can  sack  and  seal  60  tons  daily. 

In  the  Kritzer  method,  now  used  at  the  Blair  plant,  there 
are  four  to  six  horizontal  cylinders,  one  above  the  other,  and 
connected  at  ends  with  the  next  one  below,  the  object  of  this 
arrangement  being  to  secure  a  long  cylinder  for  hydration  and 
at  the  same  time  economize  space.  Within  the  cylinders  is 
a  screw  conveyor  which  carries  the  lime  forward.  The  lime 
enters  the  first  upper  cylinder  and  a  vertical  stack  at  this  point 
contains  a  water  spray  some  distance  above  the  cylinder.  The 
water  falling  down  the  shaft  over  a  series  of  projecting  plates 
mixes  with  the  lime  in  the  cylinder  which  is  thoroughly  mixed 
by  the  screw  conveyor.  This  stream  of  water  falling  down 
the  stack  absorbs  the  dusl  so  thai  tins  type  of  planl  is  less 
than   the  other  type.     The   water  also  condenses  the 
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steam  from  the  hydrating  lime  and  is  somewhat  heated  which 
aids  in  the  rapidity  of  hydration.  The  operation  is  complete 
when  the  lime  leaves  the  last  cylinder. 

The  cost  of  hydrating  lime  by  these  methods  including 
crushing,  hydrating,  screening,  and  sacking  and  loading  on 
cars,  is  estimated  at  50  cents  a  ton,  but  the  increase  in  weight 
of  lime  in  the  Toledo  district  on  the  magnesian  limes  at  pres- 
ent prices  would  represent  an  added  value  of  83  cents  a  ton  so 
that  the  cost  of  hydrating  is  more  than  compensated  by  the 
profit  on  the  added  weight.  The  present  selling  price  of  the 
Toledo  hydrate  is  $5.00  a  ton  net,  or  $5.50  in  paper  bags  which 
cost  50  cents  to  the  ton  of  lime.  The  hydrate  is  shipped  in 
paper  bags  holding  40  pounds  each  or  in  burlap  bags  holding 
100  pounds.  In  the  latter  case,  the  bags  are  charged  at  11 
cents  each  which  sum  is  returned  on  receipt  of  the  empty  bags 
in  good  condition.  The  price  of  Toledo  hydrate  in  Baltimore 
is  $5.50  plus  $2.90  freight  or  a  total  of  $8.40  a  ton. 

The  Kritzer  machinery  complete  for  a  one-unit  plant  with 
a  capacity  of  three  tons  an  hour  or  72  tons  daily  (24  hours)  is 
about  $15,000.  A  two-unit  plant  with  a  capacity  of  six  tons 
an  hour  or  144  daily  would  be  about  $20,000  and  the  necessary 
buildings  would  probably  cost  $3,000  to  $4,000' 

Advantages  of  Hydrate  Lime. — Hydrate  lime  has  some 
very  marked  advantages  over  the  lump  lime.  Being  in  a  flour, 
it  will  keep  better  by  formation  of  surface  crust,  thus  protect- 
ing the  under  portions.  It  is  permanent  in  bulk,  having  passed 
through  its  expansive  stage,  and  therefore  can  be  placed  in 
paper  or  other  package  without  danger  of  breaking  same.  The 
lime  is  usually  better  slaked  than  by  the  old  methods  and  is 
ready  for  immediate  use.  Its  underburned  and  overburned 
masses  being  completely  removed,  it  will  make  a  safe  wall. 
There  is  a  saving  in  storage,  handling,  packing,  and  in  freights 
by  rejection  of  the  waste  portion  in  advance.  The  plaster 
made  from  it  is  very  uniform  in  grade  and  character.  It  can 
not  cause  fires  when  water  accidentally  reaches  it. 

Ordinary  lump  lime  varies  in  its  weight  per  bushel  ac- 
cording to.  its  size  of  lumps,  the  amount  of  slaking  that  has 
taken  place,  and  the  nature  of  the  stone  from  which  it  is  made. 
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The  weight  assigned  to  a  bushel  of  lime  varies  in  different 
sections.  The  legal  weight  of  a  bushel  varies  from  72  pounds 
in  Pennsylvania  to  75  pounds  in  Ohio  and  Michigan,  and  to 
80  pounds  in  Virginia  and  a  number  of  other  States. 

Uses  of  Lime. 

Lime  is  used  in  the  manufacture  of  glass  as  one  of  the 
essential  components,  though  limestone  is  also  used  in  its 
place  and  is  regarded  by  many  companies  as  better. 

Paper  manufacture  requires  the  use  of  lime  in  a  small  way 
in  the  purification  of  the  rags,  etc.,  but  in  a  larger  way  in  the 
manufacture  of  wood-pulp  papers.  In  cleansing  rags,  5  to  15 
pounds  of  pure  lime  are  required  to  100  pounds  of  rags.  In 
the  manufacture  of  paper  from  wood-pulp,  the  sticks  of  timber 
are  fed  into  a  cutting  machine  and  the  chips  are  reduced  by 
chemical  solutions  to  a  pulp  which  is  rolled  into  sheets  for 
use  in  the  manufacture  of  various  kinds  of  paper.  There  are 
two  processes  used  in  this  reduction  of  the  wood  to  pulp. 

The  soda  process  is  used  on  poplar,  cottonwood,  bass- 
wood,  and  some  hardwoods  and  is  popularly  regarded  as  mak- 
ing the  best  pulp.  The  wood  chips  are  boiled  in  digesters 
with  soda-ash  or  carbonate  which  is  rendered  caustic  by  use 
of  pure  lime  oxide.  After  boiling  for  a  number  of  hours,  the 
pulp  is  washed,  screened,  and  bleached  with  lime  chloride. 
This  process  requires  about  20  tons  of  lime  with  55  to  60 
tons  of  pulp.  The  large  mills  at  Luke,  across  from  Piedmont, 
manufacture  20  tons  of  pulp  daily. 

The  sulphite  process  is  used  with  spruce  and  hemlock 
wood  and  is  in  operation  at  Davis  and  Harpers  Ferry,  West 
Virginia,  where  24  tons  of  pulp  was  made  daily.  Magnesian 
or  dolomitic  limes  are  required  in  this  process,  and  for  the  most 
economical  work  the  lime  should  contain  over  30  per  cent. 
magnesia.  The  wood  chips  arc  placed  in  the  digester  with 
milk  of  lime  and  sulphurous  acid.  Under  high  heat  applied, 
lime  and  magnesiarj  sulphites  are  formed  which  remove  the 
tar  and  oils  and  soften  the  fibers.  Magnesian  sulphite  dis- 
solves   the    non  cellulose    matter    more   completely    than    the 
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lime  sulphite,  and  gives  a  stronger  and  more  rapid  reaction 
with  these  woods  than  pure  lime  sulphite. 

Sugar  purification  makes  a  small  demand  for  pure  calcium 
lime,  but  this  material  is  now  largely  replaced  by  use  of  the 
mineral  strontium.  The  pure  caustic  limes  are  used  in  soap 
manufacture,  leather  plants,  to  some  extent  in  gas  purification, 
and  a  number  of  chemical  uses.  There  is  a  growing  demand 
for  lime  as  land  fertilizer  though  in  many  sections  ground 
limestone  is  preferred.  The  great  use  of  lime  is  for  mortar  and 
plaster,  and  both  pure  limes  and  magnesian  limes  are  used. 
Lime  mortars  have  been  replaced  to  some  extent  by  gypsum 
plasters  in  interior  work,  the  so-called  hard  wall  plasters  made 
from  the  sulphate  of  lime  rock,  gypsum,  instead  of  from  the 
carbonate  of  lime  rock,  and  also  replaced  to  some  degree  in 
exterior  wall  work  by  Portland  cement.  The  variety  of  uses 
is  described  in  Volume  III  of  the  West  Virginia  Geological 
Survey,  where  will  be  found  a  more  detailed  discussion  of  this 
subject  of  lime  and  limestones. 

The  eastern  Panhandle  area  contains  very  large  deposits 
of  all  grades  of  limestone.  Limes  of  almost  chemical  purity 
can  be  made  for  industrial  works  requiring  caustic  lime. 
Magnesian  limes  can  be  made  in  all  grades  including  pure 
dolomite  lime  with  the  very  high  magnesia  percentage.  The 
transportation  facilities  are  of  the  best  in  all  directions.  Fuel 
can  be  obtained  at  reasonable  cost  and  electric  power  is  avail- 
able. 

CEMENT  RESOURCES  OF  THE  EASTERN 
PANHANDLE    AREA. 

Certain  impure  limestones  when  burned  form  a  product 
which  can  be  used  under  water,  and  therefore  have  hydraulic 
properties,  and  are  called  hydraulic  limes  and  cements.  They 
are  also  called  Natural  cements. 

Portland  cement  is  an  artificial  mixture  of  lime,  silica, 
and  alumina,  burned  at  high  temperature  and  the  resulting 
clinker  ground  to  a  very  fine  powder.  For  good  results,  the 
proportion  of  the  ingredients  must  be  carefully  determined, 
thoroughly  •  mixed,  properly  burned,  and  finely  ground. 
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The  first  Portland  cement  mill  in  this  country  was  built 
at  Coplay  in  Pennsylvania  in  1872.  During"  the  next  eight 
years  the  total  output  of  Portland  cement  in  the  United  States 
was  82,000  barrels.  In  1890,  it  reached  335,000  barrels,  and  in 
1900,  was  8,482,000  barrels,  which  represented  a  very  large 
growth,  but  in  1913,  the  production  was  over  92,000,000 
barrels.  The  production  was  about  86,000,000  barrels  in  1915. 
Forty  per  cent,  of  the  total  comes  from  Pennsylvania.  Three- 
fourths  of  the  total  comes  from  five  States  —  Pennsylvania, 
New  Jersey,  New  York,  Michigan,  and  Ohio. 

Natural  hydraulic  cement  was  patented  in  England 
under  the  name  of  Roman  cement  in  1796,  and  was  made 
in  New  York  about  1820  and  1825.  The  impure  lime- 
stone adapted  to  this  kind  of  cement  is  not  uncommon, 
but  it  is  widely  distributed.  Such  stone,  however,  is 
apt  to  vary  in  quality  in  the  same  quarry  or  even  in 
the  same  layer  from  place  to  place.  There  are  com- 
paratively few  localities  known  where  large  deposits  of 
Natural  cement  rock  uniform  in  quality  can  be  found.  At 
the  Natural  cement  plants  great  care  was  required  to  properly 
sort  out  the  material  in  the  quarry.  It  was  found  that  only 
certain  ledges  could  be  used  so  that  one  of  these  quarries  con- 
sists of  a  series  of  openings  separated  by  walls  of  rock  which 
were  not  fit  for  this  work. 

POTOMAC  CEMENT  COMPANY.  —  Natural  cement 
was  made  for  many  years  at  Roundtop,  west  of  Cumberland, 
in  Maryland.  It  was  made  at  Cumberland  and  west  of  there 
at  Cedar  Cliff  in  West  Virginia.  One  of  the  very  old  plants 
was  at  Shepherdstown  in  Jefferson  County  and  operated  under 
the  name  of  the  Potomac  Cement  Company.  This  mill,  still 
standing  in  good  condition,  is  located  one  mile  cast  of  town. 
It  was  built  in  1826  as  a  flour  mill,  and  about  1830  was 
changed  into  a  cemenl  mill,  ami  cement  made  for  use  in  the 
construction  of  the  Chesapeake  and  Ohio  Canal.  The  mill  is 
a  three  story  brick  building,  50  by  100  feet,  and  was  in  opera- 

linn    from    l.'-oO  down    lo    l'K)(),    when    (lie   owner   died    and    the 

mill  has  nol  been  in  use  since  thai  time.    The  portion  of  the 
mill   used   for  cemenl   manufacture  is  30  by   30  feel   and   is 
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equipped  with  crushers  and  three  runs  of  buhrstones,  while  the 
rest  of  the  structure  was  for  storage  and  supplies.  The  plant 
was  operated  by  water-power  from  the  Potomac.  The  dam 
furnished  1,000  horse-power  and  backs  the  water  for  five  miles, 
giving  water  transportation  through  the  river  to  the  Potomac 
Canal  and  on  to  Washington.  It  is  also  close  to  the  Norfolk 
and  Western  Railroad.  Most  of  the  cement  made  was  shipped 
in  canal  boats  holding  850  barrels.  The  name  of  the  company 
was  later  changed  to  the  Shepherdstown  Cement  Company. 
The  freight  cost  to  Washington  by  canal  was  8  cents  a  barrel 
while  the  rail  freight  to  the  same  point  was  16  cents. 

The  cement  rock  was  quarried  and  burned  in  six  stone 
kilns,  21  feet  high,  7  to  8  feet  in  diameter  at  the  top  and  taper- 
ing to  the  bottom.  Alternate  layers  of  fuel  and  stone  were 
added,  and  each  kiln  yielded  about  50  barrels  of  cement  a  day, 
giving  a  daily  capacity  of  300  barrels,  and  the  average  pro- 
duction was  200  barrels  (300  pounds  net).  It  was  estimated 
that  100  tons  of  coal  would  burn  7,000  barrels  of  cement  in 
these  kilns,  and  the  cement  cost  in  manufacture  was  about 
1G  cents  a  barrel. 

The  rock  burned  soft  and  not  to  a  clinker  so  that  it  was 
readily  crushed  and  ground.  It  was  used  in  the  locks  of  the 
Potomac  Canal  in  1832,  in  the  great  Boundary  sewer  in  Wash- 
ington, in  the  Army  and  Navy  Building,  and  other  prominent 
structures  in  Washington. 

The  composition  of  some  of  the  Natural  cement  lime- 
stones is  given  in  the  following  table  taken  from  Gilmore's 
work  on  cements : 

Cumberlanc1 

Carbonate  of  lime 41.80 

Magnesium    carbonate...     8.60 

Silica 24.74 

Alumina    16 .  74 

Iron    oxide 6.30 

Alkalies     6.18 

The  above  analyses  show  that  the  Natural  cement  rock  is 
high  in  silica  and  alumina,  the  so-called  impurities  in  lime- 
stone. For  lime  or  for  flux  stone  this  rock  -would  be  worthless, 
yet  these  impurities  give  the  cement  value  to  the  limestone 
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and  made  it  at  a  former  day  the  basis  of  a  most  important  in- 
dustry, an  industry  now  largely  replaced  by  Portland  cement. 
The  limestone  carries  a  small  proportion  of  alkalies  which 
aided  in  the  fusion,  and  they  usually  carry  a  large  amount  of 
magnesia  which  was  at  one  time  regarded  as  one  of  the  impor- 
tant conditions  for  a  Natural  cement  rock,  yet  the  limestones 
at  Cumberland  and  Roundtop,  low  in  magnesia,  also  made  a 
very  good  cement.  Magnesia  is  apparently  inert  and  does 
not  add  to  the  value  of  the  cement  rock  nor  detract  from  it. 
In  manufacture  of  Portland  cement,  magnesia  in  large  amount 
is  injurious. 

In  burning  these  rocks,  the  carbonic  dioxide  is  removed, 
and  the  lime  combines  with  silica  and  alumina  forming  sili- 
cates and  aluminates.  The  cements  made  from  these  Natural 
cement  rocks  have  the  following  composition,  the  analyses 
being  taken  from  the  reports  of  Ohio  Geological  Survey  and 
from  Mineral  Industry : 

Cumberland 

Lime  oxide 49.60 

Magnesium  oxide 3.76 

Silica    28.30 

Iron  and  alumina  oxide. .   14.54 
Alkalies   

The  Shepherdstown  cement  had  a  tensile  strength  neat 
without  sand  of  50  pounds  in  one  day  and  300  pounds  in  28 
days,  and  was  slow  setting.  Its  strength  was  equal  to  the  best 
grades  made  in  this  country. 

Quarry. — The  cement  rock  forms  a  bold  bluff  along  the 
Potomac  River  across  the  county  road  from  the  mill.  The 
limestone  belongs  to  the  Elbrook  Formation  and  stands  nearly 
vertical  with  a  height  of  125  feet.  The  quarry-face  is  57  feet 
across,  but  15  feet  is  rejected  as  too  pure  for  Natural  cement. 
At  one  place  is  a  six-foot  ledge  which  burned  to  a  hard  clinker 
and  so  was  not  used  and  was  named  by  the  quarrymen  the 
green  rock.  The  exposure  of  vertical  cliff  runs  for  a  mile  and 
contains  rock  of  varying  composition  in  the  different  ledges, 
so  that  only  certain  portions  could  be  used  for  this  cement.  A 
ainonni   of  material  has  been  quarried,  but   there  is  an 
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almost  unlimited  amount  left  that  is  suitable  for  the  manu- 
facture of  Natural  cement  but  this  industry  has  been  so  greatly 
displaced  by  use  of  Portland  cement  that  it  is  very  doubtful  if 
this  limestone  could  now  be  worked  with  any  great  profits. 

The  composition  of  the  limestone  ledges  near  this  mill  is 
shown  in  the  following  Survey  analyses : 

No.  51  No.  53  No.  106    No.  107    No.  111    No.  112 

Lime  carbonate 16.73  52.74  47.42       70.43       23.51       68.79 

Magnesium  carbonate.  21.99  19.06  29.78       11.39       26.42       17.04 

Silica    43.67  15.89  13.14       11.04       34.82       10.32 

Alumina    11.55  5.58  5.68         2.20       11.92         2.7? 

Iron  oxide , 3.29  1.74  2  06         1.65         3.50         ..63 

Alkalies  2.61  4.92       

Titanium  0.48         0.16         0.19         0.43         0.09 

Phosphorus    0.19  0.12 

100.51  100.05   98.54   96.90  100.60  100.59 

No.  51  is  from  the  ledge  of  so-called  green  rock  near  the  old  mill, 
which  is  said  to  burn  to  a  good  Natural  cement  but  forms  a  hard  clinker. 

No.  53  is  about  ten  feet  from  No.  51,  but  slakes  on  burning  and  was 
used  in  the  later  work  of  the  plant. 

No.  106  is  the  rock  generally  used  at  the  plant. 

No.  107  is  from  nearly  vertical  wall  and  a  large  portion  has  been  re- 
moved for  cement.  Ten  or  twelve  feet  of  this  ledge  remain  in  a  wall  100 
feet   or  more   in  height. 

No.  Ill  is  the  cement  rock  just  east  of  sample  No.  51  and  was  in  use. 

No.  112  is  from  one  of  the  older  quarries  and  the  one  nearest  town. 
This  cmarrv  has  been  abandoned  for  a  verv  Ions:  tim?,  but  was  regarded 
as  exceptionally  good  for  Natural  cement. 

The  limestone  represented  by  sample  No.  51,  the  so-called 
green  rock,  formed  a  hard  clinker  on  burning  and  it  contains 
55.22  per  cent,  of  silica  and  alumina,  while  the  other  limestones 
with  13.04  to  21.47  per  cent,  of  these  elements  slaked  on  burn- 
ing. Limestone  of  sample  No.  Ill  with  46.74  was  claimed  to 
form  a  very  soft  clinker  readily  crushed,  and  possibly  its  mix- 
ture in  the  kiln  with  other  ledges  with  lower  silica  and  alumina 
wrought  this  result.  Its  composition  would  indicate  that  by 
itself  it  would  form  a  clinker  like  sample  No.  51.  Magnesia- 
runs  high  in  all  these  rocks  while  the  lime  carbonate  varies  in 
rather  wide  limits  from  16.73  to  70.43  per  cent. 

The  variety  of  limestones  in  this  cliff  in  chemical  compo- 
sition is  large  and  some  ledges  are  very  pure  carbonate  rocks. 
Several  analyses  were  made  in  the  laboratory  of  the  Survey 
as  follows : 
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No.  108  No.  109  No.  110  No.  114  No.  113  No.  50  No.  144 

Lirue 

carbonate  90.18  81.90  85.42  94.82  83.61  80.69  48.47 
Magnesium 

carbonate  3.27  9.59  10.14  4.45  6.19  7.48  28.95 

Silica 4.84  6.18  3.42  0.70  6.24  5.21  13.18 

Alumina    0.91  1.57  0.59  0.08  1.17  (  „  qn  5.88 

Iron  oxide 1.03  1.03  1.03  0.82  1.23  j  y  2.45 

Titanium    0.06  0.12  0.06  trace  0.04  0.12  0.23 

100.29  100.39  100.66  100.87   98.48   97.40   99.16 

No.  108  is  a  blue  limestone  which  is  near  the  Natural  cement  rock  106. 

No.  109  is  one-eighth  mile  west  of  last,  where  the  rock  is  greatly 
folded.  There  is  a  large  area  of  this  rock,  but  percentage  of  magnesia  is 
high  for  Portland  cement. 

No.  110  was  taken  300  feet  west  of  last  and  probably  represents  same 
stratum. 

No.  114  is  from  a  rather  pure  limestone,  two  feet  thick  on  outcrop, 
but  there  are  a  number  of  ledges  in  this  section  that  appear  to  be  similar 
to  It. 

No.  113  is  the  rock  near  town  and  extends  over  a  large  area  around 
the  town. 

No.  50  is  taken  from  the  limestone  two  miles  west  of  last  and  near 
western  edge  of  the  town  and  shows  a  similar  composition. 

No.  144  is  one-fourth  mile  east  of  'No.  113  and  is  west  of  the  Natural 
cement  quarries  and  it  is  a  dolomite  and  in  all  probability  a  Natural  cement 
rock. 

A  deep  ravine  cuts  through  the  limestone  just  west  of 
the  first  quarry,  where  sample  112  was  taken,  and  this  ravine 
has  always  been  looked  upon  as  separating  the  Natural  cement 
beds  from  the  main  mass  of  limestone  to  the  west.  The  few 
analyses  made  of  this  material  seem  to  confirm  this  observa- 
tion. 

Portland  Cement  Resources. 

No  Portland  cement  is  made  in  the  eastern  Panhandle 
area  of  West  Virginia,  but  the  area  has  an  inexhaustible  sup- 
ply of  materials  adapted  to  this  manufacture.  Locations  can 
be  made  with  the  necessary  materials  side  by  side.  There  are 
fine  building  sites,  abundant  water-supply,  cheap  electrical 
power,  excellent  railroad  transportation  to  large  markets  over 
short  distances.  In  fact  the  location  is  almost  ideal  for  this 
industry,  and  for  this  reason  an  outline  of  the  method  of  manu- 
facture and  a  brief  discussion  of  this  subject  will  lure  be  given. 
For  more  detailed  data  on  tins  subject,  the  reader  is  referred 
to  Volume  III  of  lie'  Wesl  Virginia  Geological  Survey  on 
limestones  and  cement. 

Portland  cemenl  is  formed  from  a  definite  mixture  of  lime, 
ilii  ;i.   and   a  1  n mi na,  Imrmd    to  a   slag  like   clinker  and   ground 
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to  a  fine  powder.  In  order  to  determine  the  amount  of  ingre- 
dients required  to  make  a  Portland  cement,  various  formulae 
have  been  devised.  There  must  be  a  source  of  silica,  alumina, 
and  lime.  Clay  or  shale  may  be  used  as  source  of  silica  and 
alumina,  and  limestone  for  the  lime.  To  determine  the 
correct  mixture,  S.  B.  and  W.  B.  Newberry  in  Ohio  calcu- 
lated from  the  composition  of  the  cement  a  formula  for  the 
proportion  of  parts.  This  formula  was  slightly  modified  by 
Bleininger  on  the  Ohio  Survey,  and  it  may  be  stated  as 
follows : 

Four  and  sixty-six  hundredths  (4.66)  times  the  percentage 
of  silica  plus  twice  the  percentage  of  alumina  equals  the  num- 
ber of  parts  of  lime  carbonate  required  for  100  parts  of  clay 
or  shale.. 

The  impurities,  magnesia  and  iron,  in  the  clay,  if  not 
enough  to  reject  the  material,  are  to  be  disregarded  in  the 
calculation.  The  lime  impurity  in  the  clay  or  shale  can  be 
calculated  as  lime  carbonate  and  subtracted  from  the  estimated 
amount   required   according   to   the   formula. 

The  application  of  this  formula  may  be  illustrated  by 
using  the  cement  materials  found  near  Martinsburg.1 

The  Martinsburg  Shale  has  the  following  composition: 

Per  cent. 

Silica 56.67 

Alumina  and  iron 26.58 

Lime  oxide 2.23 

Magnesium   oxide 1 .  94 

Alkalies   4 .  04 

and  the  limestone : 

Per  cent. 

Lime  carbonate 96 .  82 

Magnesium  carbonate 1.29 

Silica 0.69 

Alumina  and  iron., 0.62 

The  shale  would  require  according  to  the  above  rule : 

56.67     x     4.66     =     264.0  parts; 
26.58     x     2.00     =       53.1  parts; 

317.1  parts  lime  carbonate. 

Credit  for  the  application  is  due  Bleininger,  Geol.  Survey  Ohio, 
series  4,  Bull.  3,  p.  236;   1904. 
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The  shale  contains  2.23  per  cent,  of  lime  oxide  which  must 
be  deducted  as  lime  carbonate,  thus  giving: 

317.1  —  (2.23  x  100  -h  56)  =  313.1  parts  of  lime  car- 
bonate required. 

The  limestone  contains  silica  and  alumina  which  will 
combine  with  part  of  the  lime  present,  so  that  the  amount  of 
lime  really  available  will  be, 

96.82  —  (0.69  x  4.66  +  0.62  x  2)  =  92.37  per  cent,  lime 
carbonate. 

The  amount  of  limestone  to  be  used  for  one  part  of  shale 
is  therefore  313.1  -=-  92.37  =  3.389  parts,  or  100  parts  of  shale 
would  require  339  parts  by  weight  of  this  limestone  for  a 
cement  mixture. 

By  following  this  method  of  calculation,  the  proportions 
for  the  mixture  can  be  determined  for  shales  and  limestones 
of  different  compositions.  According  to  Mr.  Richard  K. 
Meade  if  there  was  no  loss  of  material  as  dust  during  the  pul- 
verizing and  burning  of  the  raw  material  and  the  clinker  and 
the  raw  materials  carried  only  5  per  cent,  of  moisture,  it  would 
require  583  pounds  of  the  raw  materials  to  make  a  barrel  of 
cement  (380  pounds),  but  he  states  that  few  manufacturers 
use  less  than  610  pounds  of  raw  materials  to  the  barrel  of 
cement,  showing  a  loss  of  27  pounds  as  dust,  etc.,  per  barrel 
of  cement  produced. 

SOURCES  OF  RAW  MATERIALS.— The  lime  may  be 
obtained  by  use  of  marl,  chalk,  alkali  waste,  furnace  slag, 
limestone.  The  supply  of  limestone  and  probably  also  of  marl 
is  abundant  in  this  area.  The  limestone  must  be  low  in 
magnesia. 

The  rock  used  for  the  lime  in  Portland  cement  is  usually 
too  low  in  silica  and  alumina,  so  that  other  materials  must  be 
added  to  furnish  the  correct  proportion  of  these  elements.  In 
selecting  clays  or  shales  for  this  work,  they  must  conform  to 
the  following  factors  according  to  Blciningcr  in  the  Ohio 
.  in',  ey  Report : 
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1.  The  clay  or  shale  must  have  a  percentage  ratio  of 
silica  to  alumina  of  from  3  :  1  to  4  :  1.  If  the  clay  is  high  in 
alumina,  it  sets  too  fast  and  does  not  attain  sufficient  strength. 
If  too  high  in  silica,  its  fusion  point  is  raised  requiring  more 
heat  and  greater  wear  on  the  rotary  kilns.  The  sum  of  silica 
and  alumina  in  the  hydrous  clay  should  not  exceed  87  per  cent, 
and  probably  not  be  lower  than  56  per  cent. 

The  Martinsburg  Shales  have : 

Silica 56.67  56.29  53.30 

Alumina    19 .  52  17.85  18 .  16 

Ratio  of  silica  to  alumina 2.90:1         3.15:1         2.93:1 

These  ratios  are  practically  three  to  one  and  by  actual 
tests  have  been  found  to  be  adapted  to  this  manufacture. 

2.  The  clay  or  shale  must  not  contain  so  much  magnesia 
that  the  magnesia  content  of  the  cement  rises  above  3  per 
cent,  or  at  most  5  per  cent. 

3.  The  clay  or  shale  should  contain  at  least  3  per  cent, 
of  ferric  iron  oxide. 

4.  The  clay  or  shale  should  be  low  in  sulphur  and  not 
have  more  than  one  per  cent,  of  sulphur  in  any  form. 

5.  The  material  should  be  free  from  any  irregularly  dis- 
tributed matter  as  concretionary  iron  carbonate,  or  lumps  of 
lime  carbonate. 

Prospecting  and  Location  of  Cement  Mills. 

Every  owner  of  lands  on  which  supposed  cement  materials 
are  located  is  desirous  of  realizing  on  this  value,  but  cement 
mills  can  not  be  located  in  such  numbers.  Certain  supposed 
locations  are  often  without  value  for  one  or  more  of  several 
reasons,  while  others  may  be  especially  adapted  for  develop- 
ment and  capital  is  wanting  and  apparently  can  not  be  ob- 
tained. A  very  common  question  is  whether  on  a  given  tract 
the  materials  are  valuable  for  cement.  It  is  therefore  deemed 
of  sufficient  interest  and  value  in  this  section  of  the  State  to 
include  in  the  report  on  these  counties,  where  raw  materials 
are  abundant  for  this  work  and  with  the  many  natural  factors 
so  favorable,  a  discussion  of  the  subject  of  prospecting  for 
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cement  materials  and  location  of  mills.  This  subject  is  repro- 
duced from  the  writer's  report  on  cements  in  Volume  III  of 
the  Survey  Reports. 

As  has  been  shown  above  the  chemical  composition  of  the 
materials  to  be  used  in  the  manufacture  of  Portland  cement 
must  be  carefully  determined  in  order  to  know  whether  the 
chemical  constituents  can  be  brought  to  the  proper  propor- 
tion by  mixtures,  or  whether  the  percentage  of  injurious  ele- 
ments is  too  high  so  that  the  materials  would  have  to  be 
rejected. 

The  analyses  for  this  purpose  should  be  made  by  a  good 
chemist.  When  the  proportions  of  ingredients  are  found  by 
such  analyses,  the  adaptability  for  cement  mixtures  may  be 
determined  by  the  formula?  above  and  the  five  factors  as  listed. 
The  hardness  of  the  limestone,  clay  or  shale  will  have  some 
bearing  on  the  cost  of  manufacture,  as  involved  in  power  re- 
quired and  wear  and  tear  on  machinery. 

In  selecting  samples  for  examination,  it  is  a  waste  of  time 
on  the  part  of  the  prospector  and  the  chemist  to  take  a  sample 
of  material  from  a  single  piece  of  rock  at  a  single  place.  It  is 
not  unusual  for  a  fragment  of  rock,  a  few  inches  in  diameter, 
to  be  sent  to  the  Survey  office  with  request  for  its  examination 
as  a  cement  rock,  and  a  report  on  such  a  specimen  would  be  of 
little  value. 

The  area  and  thickness  of  the  rocks  should  be  measured 
and  samples  taken  from  various  parts  of  the  deposit.  These 
samples  should  represent  average  conditions.  A  vertical  sec- 
tion of  the  rock  to  be  used  may  be  selected  and  samples  taken 
from  top  to  bottom;  these  should  be  thoroughly  mixed  and 
divided,  thus  giving  an  average  of  the  stone  at  that  particular 
location.  If  the  layers  of  rock  show  variations,  each  stratum 
should  be  examined  to  determine  what  may  be  used  and  what 
must  be  rejected,  a  condition  which  involves  increased  expense 
in  the  use  of  the  materials  and  may  prevent  the  development 
of  an  industry  on  such  rocks.  The  sampling  should  be  repeat- 
ed a1  inters  als  throughout  the  area  of  the  formation  to  he  used. 

The  surface  rock  is  very  ap1  to  differ  from  thai  at  the 
middle  or  bottom.     The  rock  may  be  valuable  for  cemenl  in 
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one  place  and  vary  in  another  so  as  to  require  very  different 
treatment,  or  even  be  worthless.  Extra  precaution  in  sampling 
may  avoid  expensive  mistakes  later  in  the  development. 

A  stratum  of  limestone  a  few  feet  thick  even  of  the  high- 
est grade  would  not  be  sufficient  for  the  establishment  of  a 
cement  mill.  The  thickness  and  extent  may  be  determined 
where  ravines  cut  across  the  rocks  or  along  steep  hillsides 
where  the  rocks  are  exposed.  Where  the  rocks  are  not  ex- 
posed to  sufficient  depth,  borings  should  be  made.  In  the 
case  of  clays  or  even  shales  this  is  not  difficult,  pits  may  be 
sunk  or  auger  borings  made.  In  limestone,  diamond  drill  cores 
should  be  obtained.  Quarry  openings  may  aid,  but  not  for  the 
whole  area,  unless  they  are  numerous  which  is  rarely  the  case. 

In  the  manufacture  of  a  barrel  of  cement,  it  is  stated 
above  600  pounds  of  raw  material  are  required,  of  which  450 
pounds  would  be  limestone  and  150  pounds  clay  or  shale.  The 
weight  of  a  cubic  foot  of  Martinsburg  Limestone  is  taken  as 
160  pounds  after  making  allowance  for  loss  in  the  operation 
or  the  quarry.  The  weight  of  a  cubic  foot  of  shale  is  taken  as 
125  pounds.  An  acre  of  limestone  (43,560  square  feet)  one 
foot  deep  would  contain  about  7  million  pounds  of  rock,  or 
sufficient  for  about  16,000  barrels  of  cement.  An  acre  of  shale 
would  contain  about  five  and  a  half  million  pounds,  or  enough 
for  36,000  barrels  of  cement.  A  fairly  large  cement  plant  with 
a  capacity  of  2,000  barrels  of  cement  daily,  working  300  days 
a  year,  would  require  then  an  acre  of  limestone  a  year  worked 
to  a  depth  of  40  feet.  It  would  also  require  an  acre  of  shale 
worked  to  a  depth  of  17  feet.  Cement  mills  can  not  be  profit- 
ably located  where  the  supply  of  materials  will  last  less  than 
30  years,  and  location  estimates  that  run  50  years  and  more 
are  preferred.  By  the  above  estimates,  the  limestone  tract 
should  run  in  uniform  material  not  less  than  50  acres  and  the 
shale  not  less  than  50  acres.  If  this  amount  is  increased  to 
100  acres  each,  the  proposition  is  made  more  attractive.  If 
the  rock  has  a  heavy  cover  of  soil  or  other  rock  materials,  the 
expense  of  stripping  may  be  too  great  for  profitable  work.  The 
amount  and  character  of  this  cover  should  be  taken  into  con- 
sideration.   The  ideal  location  for  a  mill  would  be  where  both. 
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materials  needed  occur  together  and  such  associations  are  to 
be  found  near  Martinsburg.  If  the  two  materials  are  remote 
from  each  other,  the  cost  of  transportation  of  the  crude  ma- 
terials will  be  a  detriment  and  may  prevent  the  profitable  loca- 
tion of  a  mill. 

Fuel  represents  a  very  important  item  in  the  cost  of 
manufacture  of  cement  and  not  all  coals  are  adapted  to  this 
work.  Location  of  cement  mills  in  sections  remote  from  the 
fuel  supply  have  a  disadvantage  over  mills  better  located. 
Estimates  on  fuel  vary  from  30  to  60  per  cent,  of  the  total 
cost  of  manufacture.  From  the  experience  of  one  mill  it  re- 
quired 200  pounds  of  coal  to  burn  a  barrel  of  cement  and  fur- 
nish the  necessary  power.  Coal  costing  $3.00  a  ton  would 
bring  the  cost  of  fuel  per  barrel  of  cement  to  about  30  cents. 
The  coal  for  cement  burning  must  have  a  high  heating  power, 
low  sulphur,  and  a  high  percentage  of  volatile  matter.  The 
coal  is  pulverized  and  fed  into  the  kilns  as  coal  dust  under  air- 
blast.  It  must  generate  sufficient  heat  (around  2000°  F.),  give 
a  maximum  temperature  about  12  feet  from  the  point  of  en- 
trance, and  preserve  a  high  temperature  well  through  the 
length  of  the  kiln,  leaving  it  at  the  stack  with  as  little  waste 
heat  as  possible.  The  fuel  is  thus  burned  in  the  kiln  and  the 
ash  becomes  mixed  with  the  cement,  so  it  should  be  low  in  ash 
and  free  from  sulphur.  The  cost  and  character  of  the  fuel  be- 
come important  factors  to  be  determined.  The  standard  coal 
used  in  the  cement  mills  as  far  west  as  St.  Louis  and  north  into 
Michigan  is  the  Pittsburgh  seam  from  mines  of  the  Fairmont 
region  in  West  Virginia.  The  coal  contains  53.83  per  cent, 
fixed  carbon  and  37.47  per  cent,  of  volatile  matter. 

The  cost  and  supply  of  labor  is  another  item  of  importance 
in  cement  manufacture,  and  amounts  to  45  to  50  per  cent,  ot 
the  total  ciist.  The  plant  should  he  located  near  good  railroad 
facilities  and  the  distance  to  large  markets  should  be  as  short 
as  possible.  The  Martinsburg  area  is  only  75  to  100  miles 
from  large  city   markets  and   tide  water. 

Finally,  it  must  be  remembered  that  a  Portland  cement 
null  <>i  L^iod  capacity  is  an  expensive  plant  t<>  build,  requiring 

a.  large  amount  of  capital,  and  il  may  he  sonic  time  before  good 
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deposits  of  cement  materials  in  favorable  locations  attract 
capital ;  but  with  the  increasing  demand  for  cement,  the  favor- 
able locations  will  gradually  be  developed. 

Process  of  Manufacture. 

The  materials  from  the  quarry  are  crushed,  in  ordinary 
quarry  crushers,  to  a  gravel  and  then  dried  in  rotary  cylin- 
drical driers.  The  shale  or  clay  and  the  limestone  must  be 
thoroughly  mixed.  The  proportions  of  the  materials  to  be 
used  are  weighed  on  automatic  weighing  machines.  The  ma- 
terials are  mixed  to  some  extent  in  weighing  and  in  the  screw 
conveyors  carrying  them  to  the  grinding  department,  but  the 
intimate  mixture  is  brought  about  by  fine  grinding  in  the  dry 
method,  and  by  agitation  in  water  in  the  semi-dry  methods. 
After  the  materials  are  ground  to  the  size  of  gravel,  dried,  and 
the  proper  proportions  weighed  out,  the  mixture  is  ground  to 
fine  flour  in  mills  adapted  to  such  work.  The  following  mills 
are  in  use  for  this  work:  Millstones,  Griffin  mill,  Kent  mill, 
Ball  mill,  Kominuter,  Tube  mill.  A  description  of  these  mills 
and  their  use  will  be  found  in  Volume  III  of  the  Survey 
Reports. 

The  intimate  mixture  of  ingredients  for  the  cement  ground 
to  a  very  fine  flour  is  then  burned  in  kilns  of  several  types,  but 
the  usual  kiln  is  of  the  rotary  type  and  most  of  the  cement  is 
now  burned  in  this  kind  of  kiln.  The  rotary  kiln  is  a  slightly 
inclined  steel  cylinder  60  to  150  feet  long  and  6  to  10  feet  in 
diameter,  lined  with  fire-brick,  and  revolving  on  rollers  at  a 
rate  of  one  revolution  in  from  one  to  three  minutes.  The  kilns 
are  made  of  uniform  diameter  throughout  or  with  a  tapering 
portion  into  the  chimney.  The  inclination  is  three  or  four 
feet  in  sixty.  The  kiln  is  usually  supported  on  rollers  at  two 
points  and  is  revolved  by  a  train  of  gearing.  The  60-foot  kiln 
will  produce  about  150  barrels  a  day  using  120  pounds  of  coal 
to  the  barrel.  The  150-foot  kilns  are  said  to  yield  750  barrels 
a  day  with  fuel  consumption  of  75  pounds  to  the  barrel.  The 
shorter  length  of  kiln  requires  the  high  temperature  through 
the  length  of  the  kiln,  and  the  products  of  combustion  pass  out 
of  the  stack  carrying  a  large  amount  of  heat  which  is  therebv 
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lost.  The  longer  kiln  requires  a  larger  amount  of  power  and 
it  is  a  matter  of  dispute  whether  sufficient  advantage  is  se- 
cured in  the  very  long  kilns. 

The  material  is  fed  by  screw  conveyor  into  the  stack  end 
of  the  kiln,  and  passes  out  at  the  other  end  as  clinker  varying 
iri  size  up  to  two  or  three  inches  in  diameter,  into  cooling  bins 
or  into  elevators  carrying  it  to  cooling  bins  or  towers.  Theo- 
retically 43  pounds  of  coal  would  be  required  to  the  barrel  of 
cement,  but  practically  about  120  pounds  are  used.  The  loss 
of  heat  is  by  radiation  from  the  kiln  wall,  the  escape  of  heated 
gases  through  the  stack,  and  the  hot  clinker  discharged  with 
a  temperature  of  2192°  F.  removes  a  large  amount  of  heat,  and 
there  is  usually  an  excess  of  air  in  the  air-blast  with  the  pow- 
dered coal  fuel  which  lowers  the  heating  value  of  the  coal. 
The  temperature  of  burning  in  the  kilns  should  be  such  as  to 
produce  a  dense  greenish-black  clinker.  Underburned  clinker 
is  brownish  and  soft,  while  the  overburned  clinker  is  fused  and 
slag-like.  The  temperature  used  in  the  rotary  kiln  will  vary 
with  the  materials  and  method  of  mixture,  but  is  about  2192° 
to  2552°  F. 

The  cement  clinker  is  cooled  in  open  or  closed  bins,  in 
rotary  cylinders,  or  in  vertical  towers.  It  must  then  be 
ground  to  a  fine  flour  in  similar  mills  to  those  used  in  grinding 
the  raw  materials.  Cement  specifications  require  very  fine 
grinding,  95  per  cent,  must  pass  through  a  100-mesh  sieve. 
The  ground  cement  is  packed  in  barrels  of  380  pounds  net, 
but  the  universal  practice  in  this  country  is  to  pack  in  cloth 
or  paper  bags  holding  one-fourth  barrel  each.  The  cloth 
sacks  are  charged  in  addition  to  the  cost  of  the  cement,  usually 
10  cents  each,  the  money  being  refunded  on  return  of  sacks  in 
good  condition.  Portland  cement  weighs  when  loosely  thrown 
into  the  measure  70  to  90  pounds  to  the  cubic  foot,  or  when 
packed,  110  pounds. 

According  to  Prof.  R.  C.  Carpenter  of  Cornell  University, 
the  total  power  required  to  operate  the  machinery  of  cement 
plants  will  average  very  close  to  1.5  horse-power  for  each 
barrel  when  rock  is  used.  A  1 ,200  barrel  plan)  would  use  1,800 
H.-P. ;  a  2,000-barrel  plant   would  require  3,000  II.  P. 
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In  Volume  III  of  the  Survey  Reports  is  given  a  detailed 
statement  of  the  cost  of  construction  of  a  modern  cement  plant 
with  a  daily  capacity  of  2,000  barrels,  and  the  resume  of  this 
cost  is  as  follows : 

Power  house $150,000 

Raw   material    department 115,000 

Kiln    department 118,000 

Clinker  grinding  department 92,000 

Warehouse  and  equipment 38,000 

General    equipment 70,000 


$583,000 


The  cost  of  a  plant  of  double  this  capacity  would  be 
about  $1,000,000.  In  addition  to  this  cost  of  the  plant,  there 
should  be  provided  a  sufficient  working  capital.  It  is  thus  seen 
that  these  plants  are  very  expensive  to  build  and  require  large 
capital,  but  the  profits  are  good  and  pay  large  interest  on  the 
investment  when  the  prices  are  good  and  markets  call  for  the 
output.  As  in  other  lines  of  industrial  work,  there  are  periods 
of  dullness  and  sometimes  eras  of  price  cutting,  but  under  all 
conditions  American  cement  plants  in  good  locations  with 
modern  equipment  are  looked  upon  as  good  investments. 

While  chemical  study  of  the  Martinsburg  Shales  and 
Limestones  shows  that  if  combined  in  proper  proportions  they 
will  make  a  cement  probably  of  high-grade,  the  actual  manu- 
facture of  the  cement  would  give  a  better  and  more  satisfactory 
proof.  This  has  been  done  by  parties  interested  in  this  work 
some  years  back  and  the  results  have  been  kindly  furnished. 

The  cement  had  the  following  composition  as  compared 
with  some  standard  cements  on  the  market : 

Martinsburg.  Alpha.  St.  Louis. 

Silica    21.66  22.62       22.80 

Iron  and  alumina 9.16  11.42       10.90 

Lime   oxide 63.78  61.46       61.50 

Magnesium    oxide 2.28  2.92         1.25 

Sulphuric  acid 1.71  1.52         1.40 

By  standard  specifications  Portland  cement  when  tested 
neat,  that  is,  without  sand,  should  have  a  tensile  strength  of 
at  least  50 -to  100  pounds  in  twenty-four  hours,  and  100  to  200 
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pounds  in  seven  days.  When  tested  with  one  part  cement 
and  three  parts  sand,  it  should  have  a  tensile  strength  of  25 
to  75  pounds  in  seven  days. 

The  Martinsburg  cement  made  above  showed  a  strength 
when  tested  neat  in  24  hours  of  300  pounds  and  in  seven  days, 
895  pounds.  When  tested  with  three  parts  sand  in  seven  days, 
it  had  a  strength  of  340  pounds.  These  results  were  averages 
of  five  trials,  and  show  a  cement  of  very  high  character.  95.2 
•per  cent,  of  the  cement  passed  through  a  100-mesh  sieve,  and 
all  tests  showed  a  good  quality.  Its  specific  gravity  was  3.17. 
Its  initial  set  was  in  two  hours,  and  final  set  in  5  hours  and  54 
minutes.  There  thus  can  be  no  question  but  that  the  Mar- 
tinsburg materials  will  make  a  good  Portland  cement. 

The  Uses  of  Portland  Cement. 

The  growth  of  the  cement  industry  in  this  country  has 
been  one  of  the  marked  features  of  the  mineral  industry.  In 
1895,  according  to  the  U.  S.  Geological  Survey  statistics, 
990,324  barrels  of  Portland  cement  were  made  in  this  country, 
and  2,997,395  barrels  imported,  making  a  total  of  3,087,719 
barrels  used  that  year.  Ten  years  later,  in  1905,  the  produc- 
tion was  35,246,812  barrels,  and  896,845  barrels  were  imported, 
but  about  the  same  amount  was  exported.  The  production  in 
1913  was  88,514,000  barrels.  The  cause  Of  this  remarkable 
growth  in  the  cement  industry  has  been  the  increased  variety 
of  uses,  especially  its  use  as  a  substitute  for  other  building 
materials,  lumber,  brick,  and  stone. 

One  of  the  most  important  uses  is  for  concrete  which  may 
be  defined  as  a  mixture  of  cement  and  aggregate  composed  of 
coarse  and  fine  material.  This  aggregate  may  be  cinders, 
sand,  gravel,  finely  crushed  rock,  or  broken  rock.  The  propor- 
tions of  the  mixture  will  vary  with  the  character  of  the  work 
and  the  plans  and  judgment  of  the  worker.  The  proportions 
vary  in  ordinary  work  from  one  part  cement,  two  parts  sand, 
and  five  parts  broken  stone ;  to  one  pari   cement,  four  parts 

-and,  and  eight  Or  ten   parts  broken   stone  or  gravel. 

Mule    are    two    methods    of    mixing    concrete-        the    dry 
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method  where  just  as  little  water  as  possible  is  used  in  the 
mixture ;  and  the  wet  method  where  an  excess  of  water  is  used. 
In  the  dry  method  the  mixture  is  usually  consolidated  by 
pressure  or  tamping.  In  the  wet  method,  the  concrete  is 
poured  into  molds.  Concrete  building  blocks  are  usually  made 
by  the  dry  method,  and  concrete  foundations  by  both  methods, 
but  more  usually  by  the  wet  method.  Concrete  is  now  exten- 
sively used  for  the  foundations  of  large  and  small  structures. 
It  can  be  placed  rapidly  and  cheaply  and  in  a  few  days  is 
ready  for  the  superstructure.  A  concrete  foundation  setting 
as  one  piece  makes  a  stronger  building.  Railroad  bridge  abut- 
ments and  retaining  walls  are  now  largely  made  of  concrete. 

Cement  finds  a  large  use  in  sidewalks  and  is  in  demand 
for  roadways.  The  manufacture  and  use  of  concrete  building 
blocks  have  become  quite  general  over  the  country.  Prac- 
tically every  town  and  city  in  West  Virginia  has  a  branch  of 
this  industry,  though  the  use  of  the  blocks  varies  in  popularity. 
The  successful  use  of  concrete  blocks  in  so  many  towns  and 
cities,  the  ease  of  manufacture,  the  low  cost  of  equipment  for 
the  work,  directions  for  the  work  calling  for  no  experience, 
and  the  rumors  of  great  profits,  have  led  many  people  with 
little  or  no  experience  to  enter  the  field,  and  by  their  careless 
work,  resulting  in  low-strength  blocks,  have  done  great  harm 
to  the  industry. 

Reinforced  Concrete. — In  the  construction  of  bridges,  tall 
chimneys,  large  buildings,  etc.,  the  concrete  is  strengthened 
by  metal  reinforcement,  and  is  then  called  reinforced  concrete, 
armored  concrete,  steel  concrete.  Experiments  show  that 
the  tensile  strength  of  concrete  is  low,  but  the  compression 
strength  is  high.  The  tensile  strength  of  steel  is  high,  and 
the  adhesion  strength  of  concrete  and  steel  is  over  700  pounds 
to  the  square  inch,  so  that  the  two  substances  taken  together 
make  a  very  strong  building  material. 

The  method  of  reinforcing  concrete  consists  of  placing 
expanded-metal  wire,  or  rods  laid  in  the  concrete.  In  beams 
the  rods  are  placed  in  the  lower  part  of  the  concrete  body  with 
ends  near  the  beam  end  extending  upward.  Some  engineers 
claim  that  the  adhesion  between  the  concrete  and  the  steel 
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rods  is  greater  when  corrugated,  twisted,  or  deformed  bars  are 
used  and  the  patents  on  reinforced  concrete  are  usually  held 
on  the  form  of  steel  bar  used. 

In  the  construction  of  modern  fire-proof  buildings,  it  has 
been  estimated  that  the  use  of  steel  concrete,  in  addition  to  its 
advantages  of  fire-proof  character,  rapidity  of  construction, 
etc.,  represents  a  saving  of  nearly  25  per  cent,  in  cost.  The 
construction  of  these  large  buildings  of  concrete  has  become 
the  common  method  in  our  large  cities  and  they  require  a 
large  quantity  of  cement  and  have  greatly  increased  the  de- 
mand. In  some  of  these  large  structures  over  60,000  barrels 
of  cement  are  used.  The  roofs  and  floors  are  made  of  concrete 
and  some  of  the  floor  blocks  span  an  interval  18  feet  square 
and  are  only  4  to  5  inches  thick. 

Nearly  every  large  city  fire  gives  proof  of  the  fire-resisting 
properties  of  concrete.  In  the  great  Baltimore  fire  of  February, 
1904,  one  of  the  concrete  bank  buildings  was  the  only  structure 
left  in  an  entire  block  where  the  temperature  of  combustion 
was  estimated  at  3,000  degrees,  and  it  was  estimated  also  that 
this  building  could  be  repaired  at  about  20  to  25  per  cent,  of 
its  original  cost.  After  the  fire  one  of  the  floors  in  this  build- 
ing was  tested  with  a  load  of  225  pounds  to  the  square  inch, 
and  the  deflection  was  only  one-sixteenth  of  an  inch. 

Concrete  finds  use  in  construction  of  high  stacks  and 
chimneys,  and  in  arches  and  bridges.  Concrete  has  been  used 
in  place  of  wood  piles  for  supporting  structures  on  ground  not 
firm  enough  for  safe  foundations.  This  use  is  now  very  com- 
mon because  of  the  economy  and  durability  of  concrete  piles. 
Experiments  are  being  made  on  railroad  ties  of  cohcrete,  and 
they  are  in  use  to  a  limited  extent.  It  is  estimated  that  over 
100  millions  lies  arc  used  yearly  on  the  railroads  of  this  Coun- 
try, and  the  cost  of  wood  tics  has  increased  from  year  to  year, 
with  .'i  growing  scarcity  of  timber. 

On  the  farm  concrete  is  finding  many  uses.  It  is  used  in 
making  fence  posts  which  are  durable  and  not  destroyed  by 

fire.      Concrete    Silos    are    now    common    through    the    country, 

and  concrete  water  conduits  and  troughs.     It  is  regarded  as 

i  iall\    adapted  to  sewers  win-re  it   is  more  permanent   than 
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brick  construction,  and  cheaper.  It  makes  a  smoother  interior 
wall  thus  giving  an  unobstructed  flow  to  the  drainage.  It  is 
more  water-tight  and  is  less  liable  to  damage  and  collapse 
through  any  excessive  loads  upon  it.  Modern  dams  are  now 
constructed  of  cement  usually  reinforced. 

The  uses  of  concrete  and  therefore  cement  are  steadily 
increasing,  and  it  would  require  a  long  list  to  give  all  the 
applications  of  this  useful  substance  which  is  an  artificial  mix- 
ture of  common  substances  found  in  so  many  places.  Some 
writers  style  this  period  of  time  as  "The  Age  of  Concrete." 


CHAPTER  XVII 


CLAYS  AND    ROAD   MATERIALS  IN  THE 
EASTERN  PANHANDLE  COUNTIES. 


CLAYS  AND  SHALES. 

Clay  may  be  defined  as  an  earthy  substance  composed  of 
a  base  of  kaolin,  mingled  with  a  greater  or  less  percentage  of 
mineral  and  organic  impurities;  therefore,  possessing  a  varia- 
ble chemical  composition,  and  having  certain  physical  proper- 
ties, all  of  which  determine  its  value  or  utility  to  mankind. 

In  the  beginning  of  its  history,  clay  doubtless  came  from 
certain  silicate  minerals,  especially  feldspar,  components  of 
the  so-called  hard  or  crystalline  rocks.  The  feldspar  family  is 
one  of  many  members  and  complex  composition,  made  up 
essentially  of  the  chemical  elements,  lime,  potassium,  sodium, 
aluminum,  silicon,  and  oxygen.  The  potash  feldspar  (ortho- 
clase)  and  those  high  in  lime  (albite)  through  alteration  form 
the  mineral  kaolin  which  is  the  basis  of  clay.  Pure  kaolin  is  a 
white  clay  and  is  chemically  a  potash  aluminum  silicate  which 
is  mined  in  considerable  quantity  in  a  number  of  southern 
States  and  is  used  in  the  manufacture  of  fine  table  and  orna- 
mental chinaware.  All  snow-white  clays  are  not  kaolin  and 
here  and  there  over  the  eastern  Panhandle  Area  are  found 
small  deposits  of  bleached  white  clay  popularly  called  kaolin, 
but  they  usually  contain  too  many  impurities  for  this  pure 
variety. 

The  various  alterations  of  rocks  under  atmospheric  and 
aqueous  agencies  are  included  under  the  term  weathering. 
The  great  agenl  of  change  in  the  rocks  in  the  surface  portion 


PLATE   XXXIII (A). — Harland    Spring  under   Hill    of   Conococheague   Lime- 
stone. 


PLATE  XXXIII (B).— Old  Natural  Cement  Kiln  (1830)  Shepherdstown. 
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of  the  earth  is  water  with  its  included  gases  and  acids.  What 
is  termed  pure  water  in  the  earth's  surface  or  crust  is  pure 
only  by  comparison.  Even  the  water  as  it  falls  from  the  clouds 
and  before  it  reaches  the  earth  is  impure,  containing  gases  and 
dust.  These  included  gases  are  powerful  agents  of  change 
and  their  power  is  augmented  by  increase  in  amount  on  con- 
tact with  the  earth. 

The  water  now  reaching  the  earth  becomes  an  active 
geological  and  chemical  agent,  both  by  direct  wear  on  the 
rocks  termed  corrasion,  and  by  its  chemical  action  or  corro- 
sion. The  gases  and  acids  especially  important  in  water  as 
a  chemical  agent  of  change  are  carbonic  acid  (C02),  oxygen, 
sulphur  in  form  of  sulphurous  acid,  the  humus  or  vegetable 
acids. 

Clay  from  a  chemical  point  of  view  is  kaolin  plus  a  greater 
or  less  amount  of  impurities.  A  chemically  pure  clay  would 
be  a  pure  kaolin  with  the  following  chemical  composition: 

Per  cent. 

Silica 46.5 

Alumina   39.5 

Water    14 . 0 

Kao.lin  is  smooth  and  soapy  to  the  touch,  has  a  strong 
affinity  for  water,  and  when  pure  is  snow-white  in  color,  but 
it  is  found  in  nature  in  a  great  variety  of  colors.  The  pure 
kaolin  would  be  found  near  the  original  rock  mineral  from 
which  it  was  formed. 

As  the  kaolin  clays  are  farther  and  farther  removed  from, 
their  original  place  of  formation,  they  become  more  and  more 
impure  and  vary  from  the  type.  When  clay  is  subjected  to 
pressure,  it  is  forced  together  and  consolidated,  and  if  the 
consolidation  extends  far  enough,  the  clay  becomes  laminated 
in  structure,  and  is  then  called  a  shale.  If  the  shale  be  further 
consolidated  and  altered  by  great  pressure  and  heat,  as  in 
mountain-making  movements,  the  shale  is  changed  or  meta- 
morphosed into  slate.  Kaolin  especially,  and,  to  much  less  ex- 
tent, shales  when  wet  have  a  somewhat  soapy  feel  and  are 
often  called  locally  soapstone.  The  true  mineral  soapstone  is 
a  very  different  substance  and  is  a  synonym  for  talc. 
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The  clay  after  being  transported  from  its  original  home, 
perhaps  consolidated  into  rocks  and  these  by  weathering 
breaking  down  and  again  transported  and  the  process  often 
repeated  as  in  the  case  with  our  sedimentary  rocks,  will  con- 
tain a  variety  of  impurities  gathered  along  the  way.  These 
various  foreign  impurities  not  only  alter  the  chemical  compo- 
sition of  the  clays,  but  exert  an  important  influence  on  the 
behavior  of  the  clay  when  it  is  molded,  dried,  and  burned  into 
useful  products. 

Silica  is  one  of  the  essential  components  of  the  clay  and 
ranges  in  West  Virginia  brick  clays  from  46.89  to  78.12  per 
cent.  It  has  an  important  effect  on  the  shrinkage  of  clays  and 
if  in  large  amount  may  also  affect  the  fusibility.  Alumina  is 
another  essential  component  of  clays  and  ranges  in  West 
Virginia  brick  clays  from  19.32  to  39.55  per  cent.  Iron  is 
always  present  in  greater  or  less  amount  and  determines  the 
color  in  most  clays.  The  amount  in  the  brick  clays  of  this 
State  varies  from  0.94  to  10.73  per  cent.  The  color  of  the 
burned  clay-ware  according  to  Ries  depending  on  the  iron  is 
due  to  the  amount  of  iron  oxide  present,  nature  of  the  oxide, 
temperature  of  burning,  condition  of  the  kiln  atmosphere 
whether  oxidizing  or  reducing. 

Burning  these  iron  clays  at  a  low  temperature  will  give 
the  pale  salmon-colored  brick,  and  the  higher  temperatures 
will  bring  out  the  deeper  red  shades.  In  such  clays  the  color 
of  the  ware  is  an  index  to  the  temperature  used  and  therefore 
to  the  quality  of  the  brick.  Lime  is  found  in  some  clays  and 
shales,  usually  in  the  form  of  the  carbonate  and  may  be  de- 
tected by  adding  hydrochloric  or  muriatic  acid  which  will  act 
on  the  lime  producing  effervescence  due  to  the  escape  of  the 
<  arbonic  acid  gas.  If  much  lime  is  present  it  will  lower  the 
fusion  point  of  the  clay  and  make  it  difficult  to  vitrify  a  brick- 
without  melting  it.  If  the  lime  percentage  is  three  times  that 
of  the  iron,  the  result  will  be  a  cream-  or  buff-colored  brick. 
Lime  varies  in  the  clays  and  shales  of  this  State  from  a  trace 
to  10.91  per  cent.  Soluble  sails  and  magnesia  if  present  in 
any  considerable  amount  arc  :ii>i  to  make  trouble  in  surface 
coats  or  whitewash  on  the  ware.     Brick  walls  thus  after  damp 
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weather  will  sometimes  be  coated  or  streaked  with  white  or 
yellowish  surfaces. 

Water  exists  in  clays  and  shales  in  two  forms,  mechani- 
cally included  or  moisture,  and  the  water  of  chemical  combina- 
tion. The  mechanical  water  or  moisture  is  found  in  the  pores 
of  the  clay  and  as  surface  films  around  the  clay  particles.  The 
percentage  is  variable,  and  depends  on  the  amount  of  avail- 
able water  and  the  fineness  of  grain.  A  coarse-grained  clay 
does  not  retain  the  moisture  as  readily  as  a  fine-grained  clay. 
When  the  clay  is  taken  from  the  bank  or  mine,  the  amount 
of  this  moisture  may  reach  20  or  30  per  cent.,  but  on  exposure 
to  the  air  it  loses  a  very  considerable  portion  of  the  water.  At 
the  temperature  of  boiling  water,  all  the  mechanical  water  is 
practically  driven  off  and  the  clay  shrinks  in  volume. 

Physical  Properties. — Knowing  the  composition  of  the 
clay  or  shale  as  revealed  by  chemical  analysis  and  the  role  of 
the  chemical  compounds,  the  value  of  the  clay  as  a  useful 
product  for  certain  purposes  can  be  approximated.  But  with 
this  information  alone,  the  knowledge  of  the  true  value  of  the 
clay  would  be  quite  incomplete,  and  might  lead  to  trouble- 
some and  expensive  errors.  Clays  capable  of  utilization  must 
possess  certain  physical  properties,  some  of  which  can  be  fore- 
told by  the  chemical  analysis,  while  other  properties  must  be 
determined  in  a  different  way,  by  a  series  of  physical  tests. 
Only  a  few  of  the  more  important  of  these  properties  will  be 
discussed  in  this  place.  For  a  more  complete  discussion  of 
this  subject  of  clays,  Volume  III  of  the  Survey  Reports  on 
Clays  and  Limestones  may  be  consulted. 

Fusibility,  or  the  change  from  the  solid  state  to  a  liquid 
condition,  becomes  an  important  property  in  clays  for  eco- 
nomic use.  Every  mineral  in  a  pure  state  and  under  uniform 
conditions  has  a  definite  fusion  temperature.  Clay,  being 
usually  impure,  composed  of  kaolin  and  a  number  of  addi- 
tional compounds,  would  have  a  varying  fusion  point  for  its 
different  components,  so  in  burning  a  clay,  fusion  of  the  parti- 
cles takes  place  at  different  temperatures,  producing  different 
results.    This  makes  fusibility  in  clays  a  very  complex  subject. 

The  three  important  points  in  the  process  of  clay  manu- 
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factures  are,  the  points  of  incipient  fusion,  vitrification,  and 
viscosity.  At  a  certain  temperature  some  very  fusible  compo- 
nents of  the  clay  will  begin  to  melt  and  cement  together  the 
unfused  portions,  forming  a  fairly  compact  mass.  This  stage 
is  that  of  incipient  fusion  according  to  Wheeler.  Ordinary 
brick  are  not  carried  far  beyond  this  point. 

As  the  temperature  is  raised,  other  less  fusible  compo- 
nents melt  and  fill  the  pores  of  the  product,  making  it  a  dense, 
firm  mass,  and  this  point  is  that  of  vitrification.  If  the  heat  be 
further  increased,  the  various  components  of  the  clay  may 
melt  and  the  mass  begin  to  flow  and  alter  the  shape  of  the 
product,  the  clay  having  now  reached  the  point  of  viscosity. 

In  some  very  fusible  clays  and  shales  the  difference  be- 
tween incipient  fusion  and  viscosity  is  less  than  100  degrees, 
while  in  other  clays,  it  may  reach  500  to  600  degrees.  The 
amount  of  this  difference  is  very  important,  for  in  burning  a 
kiln  of  ware,  it  is  difficult  to  control  the  temperature  within 
narrow  limits  of  range.  If  the  difference  in  temperature  is 
small  between  vitrification  and  viscosity,  it  will  be  difficult 
to  vitrify  the  brick  without  melting  the  whole  mass.  The 
temperature  of  fusion  of  a  clay  will  depend  on  the  porosity, 
chemical  composition,  amount  of  fluxes  in  the  clay,  kind  of 
fluxes,  and  size  of  particles. 

The  temperature  of  fusion  of  a  clay  may  be  determined  by 
an  electrical  pyrometer  which  is  rather  an  expensive  instru- 
ment, or  by  the  Seger  cones.  These  cones  are  about  two 
inches  high,  made  of  kaolin,  feldspar,  quartz,  marble,  iron 
oxide,  etc.,  so  mixed  as  to  fuse  at  different  constant  points  but 
a  few  degrees  apart  in  temperature.  They  are  numbered  from 
3<  i  down  to  1,  giving  a  range  of  fusion  temperatures  from  3362° 
F.  to  2102°  F.  Another  series  is  numbered  below  1  by  prefix 
ing  a  cipher  (0)  to  each  number  from  1  down  to  022  which  has 
a  fusion  point  of  1094°  F. 

In  use  a  number  of  these  cones  are  placed  with  the  clay 
to  be  tested,  and  the  fusion  poinl  of  the  clay  is  determined  by 
comparison  with  the  cone  which  is  fused.  The  melting  point 
of  the  cone  is  reached  when  its  lip  bends  over  and  touches  its 
base.    When  used  in  the  clay  plants,  the  cone  representing  the 
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temperature  desired  for  burning  the  ware  is  placed  in  the  kiln, 
and  also  a  few  cones  of  lower  fusing  points,  so  that  they  may 
give  warning  of  approach  to  the  desired  temperature. 

The  term  shrinkage  refers  to  the  loss  of  volume  on  drying, 
air  shrinkage,  and  the  loss  of  volume  on  burning,  or  fire 
shrinkage.  It  is  important  for  the  manufacturer  to  determine 
the  amount  of  air  and  fire  shrinkage  in  order  to  secure  a  final 
product  of  correct  and  uniform  size.  The  dies  must  be  made 
sufficiently  large,  so  that  the  burned  clay  ware  after  shrinkage 
may  have  the  desired  form  and  size. 

Plasticity  is  the  property  whereby  a  substance  may  be 
molded  or  modeled.  When  applied  to  clays  it  also  involves 
the.  further  property  of  retention  of  the  given  form  after  the 
molding  and  modeling  process  is  completed.  In  clays  this 
property  is  only  developed  in  the  presence  of  water. 

All  finely  ground  substances  show  this  property  of  plas- 
ticity to  a  greater  or  less  extent.  Fine  sand  shows  a  very  low 
degree  of  plasticity.  It  can  be  molded  when  wet,  but  not  in 
very  good  shapes  without  breaking,  and  the  form  is  not  dura- 
ble. Certain  clays  showT  a  very  high  degree  of  plasticity  and 
are  called  plastic  clays.  Other  clays  are  only  slightly  plastic. 
Pottery  clays  must  be  very  plastic,  while  brick  clays  may  have 
much  lower  plasticity. 

Plasticity  is  a  property  of  wet  clay  which  permits  it  to  be 
molded,  while  bonding  power  has  a  double  significance,  the 
retention  of  the  molded  form,  when  dry,  and  the  ability  to 
unite  with  foreign  materials.  The  more  plastic  the  clay,  the 
better  it  retains  its  form,  also  the  more  plastic  the  clay,  the 
more  foreign  materials  can  be  added  to  the  clay.  While  the 
two  properties  of  plasticity  and  bonding  power  are  different, 
they  usually  stand  in  close  relation,  and  in  some  definitions  of 
plasticity  the  two  are  confused  when  plasticity  is  defined  as 
the  property  of  clay  whereby  it  can  be  molded  and  retain  the 
form  when  dry. 

The  density  of  a  body  is  measured  by  its  specific  gravity 
which  represents  the  weight  of  a  substance  compared  with  an 
equal  volume  of  water.  It  is  a  useful  property  in  comparing 
relative  weights  of  bodies.    The  specific  gravity  of  the  clays  in 
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this  State  so  far  as  they  have  been  determined  ranges  from 
2.34  to  2.66.  A  cubic  foot  of  water  weighs  62.5  pounds,  so 
these  clays  would  weigh  per  cubic  foot  146  to  166  pounds, 
when  compact  with  pore  space  removed.  The  average  weight 
of  clays  is  taken  at  125  to  130  pounds  as  the  clay  comes  from 
the  bank  in  air-dry  condition. 

There  is  a  large  variety  of  clays  and  shales  used  for  differ- 
ent purposes.  Refractory  clays  have  the  property  of  with- 
standing the  effects  of  high  temperatures,  and  are  therefore 
valuable  in  work  where  such  temperatures  are  used.  They 
are  used  for  fire-brick  for  furnaces,  kilns,  fireplaces,  etc.,  for 
gas-retorts,  and  glass-pots.  No  clays  of  this  character  are 
known  in  the  eastern  Panhandle  Area.  There  are,  however, 
valuable  deposits  of  semi-refractory  clays  and  shales.  The 
clays  in  this  group  are  not  used  for  fire  resistance,  but  for 
ware  which  requires  firm,  tough  body,  with  low  water  absorp- 
tion. They  are  clays  which  vitrify,  which  means  that  under 
sufficient  heat  the  clay  partially  melts  and  the  particles  are 
thus  brought  closer  together,  with  a  more  or  less  complete 
removal  of  pore  space.  A  good  fire-brick  is  porous,  while  the 
vitrified  wares,  in  contrast,  are  non-porous,  or  better,  the  pore 
space  is  reduced  to  a  minimum. 

The  clays  or  shales  for  these  uses  must  be  fusible,  but  in 
order  to  be  valuable  must  also  have  the  points  of  incipient 
fusion  and  viscosity  removed  from  each  other  by  a  sufficient 
number  of  degrees  to  enable  the  clay  to  be  partially  fused  but 
not  melt  the  product.  This  is  very  important  for  two  reasons : 
First,  it  is  difficult  to  determine  in  a  kiln  just  when  vitrifica- 
tion has  gone  far  enough  for  a  completed  product,  and  to  be 
perfectly  safe  it  is  convenient  for  the  operator  to  keep  the 
ware  at  this  temperature  for  a  time  and  yet  not  melt  down  the 
contents  of  the  kiln;  Second,  the  ware  in  reaching  the  point 
of  vitrification  must  have  sufficient  strength  to  hold  itself  in 
shape  even  under  the  pressure  of  overlying  layers.  If  the 
ware  was  completely  melted  it  would  lose  the  required  form 
and  size. 

In  the  manufacture'  <>f  paving  brick,  clays  and  shales  are 
used,   and    good    paving-brick    arc    made    from    both    materials, 
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though  in  many  sections  of  the  country,  shale  paving-brick 
are  regarded  as  the  best.  In  these  days  of  strong  competition, 
it  becomes  necessary  to  improve  the  grade  of  paving-brick  as 
much  as  possible.  Inferior  grades  have  found  sale,  and  find  a 
limited  sale  at  the  present  time,  where  the  price  is  lower  than 
the  better  grades,  but  this  condition  is  becoming  less  and  less 
true.  Nearly  all  city  specifications  are  now  rigid,  and  when 
enforced  will  only  admit  the  best  grades  of  brick.  It  therefore 
becomes  a  matter  of  the  highest  importance  to  the  paving- 
brick  companies  to  know  the  characters  of  their  clays  and  how 
to  use  them  to  the  best  advantage.  Fusion,  shrinkage,  absorp- 
tion, and  other  tests  of  clays  in  this  day  lose  their  theoretical 
character,  and  become  very  practical  and  essential. 

In  the  manufacture  of  sewer-pipe,  the  clays  must  have 
about  the  same  qualities  as  those  used  for  paving-brick.  The 
clay  must  be  plastic  and  burn  to  a  dense,  smooth  body.  The 
shrinkage  must  be  low  in  order  to  produce  a  uniform  product, 
and  avoid  cracking  and  warping.  While  the  color  is  not  im- 
portant in  determining  the  useful  qualities  of  the  pipe,  it  has 
an  important  influence  on  the  sale,  as  the  trade  usually  de- 
mands a  dark,  uniformly  colored  ware.  There  must,  therefore, 
be  the  requisite  amount  of  iron  to  produce  this  result.  Sewer 
pipe  is  usually  salt-glazed,  which  requires  enough  free  silica  to 
decompose  the  salt. 

In  the  manufacture  of  roofing  tile,  the  clay  must  vitrify 
and  form  a  dense  and  tough  body.  It  must  give  a  good  color 
and  have  a  low  air  and  fire  shrinkage,  as  the  thin  plates  are 
apt  to  warp  and  destroy  the  shape  of  the  tile.  The  finished 
product  must  be  light  in  weight,  true  in  shape  and  possess 
strength,  so  that  it  can  be  handled  and  shipped  without 
breaking. 

Stoneware  is  a  partially  vitrified  product  which  is  burned 
and  glazed  before  removal  from  the  kiln.  On  account  of  the 
demand  for  this  ware  in  household  use,  it  is  made  in  all  sec- 
tions of  the  country.  With  the  number  of  clays  adapted  to 
this  work  in  this  State,  it  is  strange  that  there  is  only  one 
plant  in  operation  and  most  of  the  stoneware  is  shipped  in 
from  other.  States. 
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The  properties  required  in  a  stoneware  clay  according  to 
Wheeler  are:  1.  The  clay  should  be  very  plastic;  2.  It  should 
be  free  from  coarse  sand  or  other  foreign  matter ;  3.  It  should 
be  as  free  from  iron  as  possible ;  4.  It  should  burn  to  a  close 
incipiently  vitrified  body  at  a  temperature  less  than  2200°  F. ; 
5.  The  clay  should  have  a  range  of  at  least  200°  between  the 
point  of  incipient  and  complete  vitrification ;  6.  It  should  be 
capable  of  drying  and  burning  at  moderate  speed  without  the 
addition  of  grog  (burned  clay)  ;  7.  It  should  form  a  tough  and 
strong  body  when  burned ;  8.  It  should  be  free  from  carbon- 
ates, sulphates,  and  other  salts  that  are  liable  to  cause  blisters 
in  burning. 

In  the  group  of  non-refractory  clays  are  included  the 
common  pottery  clays,  and  the  clays  so  valuable  for  structural 
work.  For  the  finer  grades  of  pottery  only  the  best  and  purer 
clays  can  be  used.  In  the  manufacture  of  flower  pots  and 
various  forms  of  earthenware  which  is  softer  and  more  porous 
than  stoneware,  low  grades  of  clays  are  used.  They  are 
burned  at  low  temperature  and  form  the  porous  body.  Many 
of  the  common  brick  and  tile  clays  are  adapted  to  this  pur- 
pose. 

The  building  brick  and  tile  clays  are  usually  impure,  more 
or  less  sandy  clays  with  kaolin  base  low  in  quantity,  and  the 
color  determined  by  the  amount  of  iron.  Practically  all  the 
clays  and  shales  of  this  State  burn  to  a  red  color  which  may 
vary  from  place  to  place  in  shade  of  red.  As  a  rule  they  are 
not  adapted  to  the  production  of  a  vitrified  body,  fusing  rap- 
idly at  elevated  temperature  and  so  twisting  out  of  shape  and 
running  together.  The  clays  are  used  for  products  burned  at 
moderate  temperatures,  fusing  in  the  neighborhood  of  1800° 
F.  They  vary  in  plasticity,  shrinkage,  porosity,  etc.  The  bet- 
ter grades  may  be  used  in  the  production  of  high  grades  of 
ed  front  brick  or  worked  into  ornamental  patterns.  They 
may  be  coated  with  a  glaze,  burning  into  enameled  brick  for 
interior  and  exterior  work.  Terra  cotta  is  made  from  carefully 
el<  i  ted  clays  which  give  uniform  color,  strong  body,  and  burn 
v.  ithoul  checking  or  cracking. 
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In  the  eastern  Panhandle  area  there  is  a  variety  of  shales 
and  clays  which  by  development  would  become  very  valuable. 
There  are  no  fire  clays  and  no  kaolin  or  fine  white  china  clays. 
There  are,  however,  good  stoneware  pottery  clays,  clays  and 
shales  adapted  to  the  manufacture  of  a  very  high-grade  paving 
and  ornamental  brick  and  tile,  and  common  building  brick. 
The  area  is  close  to  eastern  markets  which  are  now  supplied 
with  these  materials  from  States  to  the  west  and  this  brick 
is  hauled  by  long  freight  across  this  State  to  the  eastern  mar- 
kets. There  are  several  small  brick  plants  in  the  area  and  only 
one  large  one.  The  freight  rates  to  the  eastern  cities  are 
almost  half  those  in  force  from  the  western  centers  now  sup- 
plying this  trade. 

Prospecting  for  Clays  and  Shales. 

Clays  and  shales  are  found  in  practically  every  section  of 
the  eastern  Panhandle  Area  in  deposits  of  greater  or  less  ex- 
tent and  of  variable  quality.  A  very  small  fraction  of  these 
deposits  will  ever  be  used,  and  only  the  best  are  worth  an  in- 
vestigation. There  are  so  many  of  these  deposits  that  those 
remote  from  the  railroad  will  be  of  little  value.  It  does  not 
pay  to  construct  long  switch  connections  for  a  brick  plant 
when  the  materials  can  be  found  so  close  to  the  main  line  as 
is  the  case  over  this  area.  When  a  clay  or  shale  deposit  is 
located  in  a  section  where  it  might  be  utilized,  its  extent  should 
be  determined.  This  may  be  done  by  digging  pits  to  find  the 
thickness  or  by  boring  with  an  auger.  If  of  shallow  depth,  it 
will  hardly  pay  to  develop.  Its  area  or  surface  extent  may 
be  determined  by  following  the  stratum  from  place  to  place 
in  ravines  where  the  streams  have  exposed  the  material,  in 
railroad  or  wagon-road  cuts,  in  wells,  or  by  digging  ditches 
and  trenches.  Some  judgment  is  here  required  to  be  sure  the 
clay  is  continuous  from  one  exposure  to  another,  and  it  should 
be  tested  in  these  places  to  determine  whether  the  quality  is 
sufficiently  uniform. 

The  amount  of  cover  or  overlying  material  and  its  nature, 
whether  hard  or  soft,  is  important  in  determining  the  value  of 
the  clay.    Only  clays  of  the  highest  grade  will  pay  the  cost  of 
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tunnel  or  entry  mines.  Such  mining  of  clays  is  avoided  as 
far  as  possible  on  account  of  the  expense  and  danger  involved. 
If  the  cover  is  very  thick,  or  contains  hard  rock  layers,  the  ex- 
pense of  removal  of  the  useless  material  will  be  too  great  to 
permit  the  working  of  the  clay. 

The  relation  of  the  deposit  to  water  conditions  should  be 
determined.  If  it  lies  in  a  low  valley  where  the  pit  would  be 
filled  with  water  in  wet  weather,  or  where  the  natural  drain- 
age would  collect  in  the  openings,  there  would  be  added  the 
expense  of  pumping,  which  may  be  prohibitive  for  profitable 
work.  On  the  other  hand,  there  should  be  a  sufficient  supply 
of  water  present  for  the  uses  of  the  plant.  Labor  conditions, 
cost  of  transportation  by  water  or  rail  to  good  markets,  supply 
and  cost  of  fuel,  must  all  be  considered.  There  is  a  more  or 
less  popular  impression  that  the  valuable  materials  for  brick 
and  tile  must  be  present  in  the  form  of  clay,  so  in  prospecting, 
shales,  or  soapstones  as  they  are  locally  called,  are  neglected. 
Shales  often  make  better  brick  and  tile  than  clay,  but  not  all 
shales  are  adapted  to  this  work  any  more  than  all  clays.  Two 
shales  may  look  to  the  eye  the  same  and  yet  one  make  a  good 
brick  and  the  other  be  worthless. 

In  sampling  clay  or  shale,  care  should  be  taken  to  secure 
an  average  lot.  If  a  pit  is  sunk,  samples  should  be  secured 
from  top  to  bottom,  and  also  from  a  number  of  pits  removed 
from  each  other.  The  sample  lot  should  represent  an  average 
of  the  tract  to  be  developed.  The  large  quantity  thus  obtained 
is  then  ready  to  be  tested  at  some  brick  plant  or  pottery  where 
it  can  be  made  into  ware  and  burned,  and  the  character  of  the 
product  determined.  A  brick  made  from  a  few  pounds  of  clay 
taken  from  some  one  spot  does  not  establish  the  character  of 
the  clay,  though  it  may  give  some  indication  of  its  value. 
Most  brick  machinery  companies  maintain  testing  laboratories 
where  this  work  can  be  done  at  very  reasonable  cost.  To  illus- 
trate how  difficult  and  even  impossible  it  is  to  judge  of  the 
value  of  a  clay  or  shale  by  the  eye,  one  trained  clay-worker 
s'-ni  to  the  Survey  a  sample  of  No.  1  Eire  clay  which  showed 
on  analysis  16.74  per  cent,  of  fluxing"  elements.  Very  few  clays 
in  the  State  would  equal  (his  clay  in  fusibility,  and  it  was 
worthless  for  thai  purpose. 
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It  must  be  kept  in  mind  that  mere  surface  examination 
will  not  prove  their  value ;  chemical  analysis  is  not  enough ; 
the  clays  and  shales  must  be  tested  physically,  and  they  must 
also  be  actually  worked  into  finished  products  to  determine 
their  real  value.  Without  this  preliminary  prospect  work, 
the  clays  will  not  be  available  for  the  tests.  The  clay  or  shale 
must  make  a  high-class  product,  but  its  extent,  thickness, 
amount  of  cover,  surrounding  conditions,  must  be  determined 
by  very  careful  prospecting. 

A  few  simple  tests  may  prove  valuable  in  this  prospect- 
ing work.  1.  A  small  lump  of  clay  may  be  roasted  in  a  blue 
gas  flame  as  in  a  gas  stove ;  if  a  red  or  brown  color  be  given 
to  the  clay,  the  percentage  of  iron  is  high,  probably  four  per 
cent,  or  more. 

2.  By  tasting  the  clay,  bitter  salts  may  be  detected,  or 
they  may  occur  as  white  coatings  on  the  outcrop  of  the  clay 
in  the  bank.  These  salts  are  apt  to  form  whitewash  coats  on 
the  finished  brick,  injuring  their  appearance.  By  crushing  the 
clay  in  the  mouth,  the  sand  may  be  detected  by  the  grit  against 
the  teeth,  and  a  rough  determination  of  the  amount  may  be 
made. 

3.  The  plasticity  of  the  clay  may  be  approximately  deter- 
mined by  working  the  moist  clay  in  the  hand.  A  pottery  clay 
may  be  tested  by  working  the  wet  clay  into  shape  and  noting 
whether  it  retains  the  form  when  dry. 

4.  A  rough  brick  of  small  size  can  be  made  and  easily 
dried,  and  an  approximate  determination  be  made  of  its 
shrinkage.  If  it  shrinks  out  of  shape,  cracks,  or  crumbles 
when  dry,  its  value  is  very  doubtful.  In  this  test  the  clay 
should  be  ground  fine,  thoroughly  tempered  with  water  and 
dried  slowly. 

5.  Carbonate  of  lime  if  present  can  be. detected  by  placing 
a  lump  of  the  clay  in  hydrochloric  acid  and  noting  if  there  is 
any  effervescence.  It  is  not  always  possible  to  predict  the 
color  of  the  burned  ware  from  the  color  of  the  clay.  Red 
clays  will  usually  burn  red,  blue  clays  may  burn  red  or  buff. 
Dark  or  black  clays  are  usually  high  in  organic  matter  which 
burns  out  and  the  ware  may  be  red  or  buff. 
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6.  The  slaking  of  clays  or  the  crumbling  down  in  the 
process  of  tempering  is  tested  by  dropping  a  lump  of  clay  in  a 
cup  of  water.  Some  clays  slake  in  a  very  few  minutes,  and  so 
are  easily  tempered.  Shales  usually  slake  only  after  a  long 
time,  and  require  fine  grinding.  These  various  tests  can  be 
made  by  any  person  and  while  not  conclusive,  afford  a  basis 
for  an  approximate  opinion  on  the  nature  of  the  clay. 

Process  of  Manufacture  of  Brick  and  Tile. 

The  process  of  manufacture  of  the  various  clay  products 
in  considerable  detail  will  be  found  in  Volume  III  of  the  Sur- 
vey Reports.  In  this  place  only  an  outline  of  this  manufac- 
ture will  be  given  as  applying  to  the  present  brick  plants  in 
this  area  and  to  possible  new  ones  that  will  in  all  probability 
be  built. 

The  clay  or  shale  is  mined  in  surface  pits  usually,  and  is 
hauled  to  the  plant  by  scrapers  or  dump-carts  in  small  plants, 
and  by  small  cars  on  a  track  by  horses  or  cable  in  larger 
works.  In  the  location  of  a  clay-working  plant,  it  is  very  de- 
sirable to  have  the  plant  and  clay-pits  near  together  and  so 
decrease  the  cost  of  haulage.  They  should,  however,  be  far 
enough  apart  to  avoid  danger  to  the  plant  and  workmen  from 
blasting  and  also  from  the  caving  of  the  bank  from  the  effects 
of  blasting  and  weathering.  Rock  slides  which  sometimes  oc- 
cur in  clay  and  shale  quarries  should  not  endanger  the  founda- 
tions of  the  plant. 

The  clay  or  shale  from  the  pits  consists  of  coarse  and  fine 
material  and  must  be  brought  to  a  uniform  product  by  crush- 
ing. Another  important  result  of  crushing  is  the  more  thor- 
ough mixture  of  the  materials,  as  the  clay  or  shale  may  vary 
somewhat  in  different  parts  of  the  openings.  Brick  made  from 
variable  clays  not  thoroughly  mixed  would  differ  so  much  in 
their  characters  that  it  would  be  difficult  if  not  impossible  to 
mold  ihcni  uniform,  in  drying  they  would  shrink  to  different 
degrees,  and  in  burning  they  would  nol  vitrify  equally.  The 
resull  would  1"'  different  sized,  colors,  and  hardness  in  the 
same  kiln  of  brick,     h  the  clay  is  hard  and  usually  in  shales, 
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crushers  are  required,  but  if  so  the  material  is  finally  ground 
in  dry  pans.  If  crushers  are  not  required  the  dry  pans  alone 
are  used. 

The  dry  pan  is  a  heavy  cylindrical  metal  pan  with  a  floor 
of  screen  plates  over  which  roll  two  heavy  wheels  or  mullers. 
The  pans  in  very  small  plants  may  be  only  five  feet  in  diame- 
ter, and  they  are  made  up  to  12  feet,  while  the  usual  size  is  nine 
feet.  The  bottom  plates  have  perforations  usually  about  one- 
eighth  inch  diameter  through  which  the  ground  clay  passes. 
In  a  nine-foot  pan  the  mullers  are  46  to  52  inches  in  diameter 
and  weigh  three  to  four  tons  each.  In  capacity  such  a  pan 
will  run  25,000  to  60,000  brick  in  ten  hours.  The  clay  from  the 
crushers  and  dry  pans  is  carried  to  the  screens  and  storage 
bins  by  conveyors.  These  labor-saving  devices  are  used  wher- 
ever the  material  is  to  be  removed  from  one  part  of  the  plant 
to  another. 

In  the  process  of  clay  manufacture,  it  is  necessary  to 
develop  the  plasticity  of  the  clay  by  adding  water  to  it,  and 
to  bring  the  whole  mass  to  a  uniform  condition.  The  opera- 
tion is  called  tempering.  In  pottery  manufacture,  this  work 
is  done  in  a  wet  pan  which  is  similar  to  the  dry  pan  only  with 
solid  floor  in  the  pan.  In  brickmaking  the  pug-mill  is  used 
as  also  in  the  further  tempering  in  potteries.  The  pug-mill  is 
a  rectangular  wood  or  iron  box  varying  in  length  up  to  18 
feet,  the  usual  size  being  eight  to  ten  feet.  Through  the  cen- 
ter passes  a  horizontal  shaft  to  which  are  attached  30  to  36 
pugging-knives  which  are  set  at  an  angle  along  a  spiral  line 
so  as  to  work  the  clay  toward  the  discharge  end.  The  clay  is 
added  through  a  hopper  at  the  other  end  and  v/ater  flows  in 
through  a  pipe  in  amount  as  determined  by  ihe  operator.  A 
nine-foot  mill  will  temper  an  average  lot  of  clay  in  ten  hours 
sufficient  for  30,000  to  45,000  brick.  The  work  of  these  ma- 
chines is  continuous  and  they  afford  a  ready  control  on  the 
tempering  process. 

After  the  clay  is  thoroughly  ground  and  tempered,  it  is 
ready  for  molding  into  required  shapes.  In  the  small  brick 
plants  the  molds  are  small  wooden  boxes  and  the  molding  is 
done  by  hand.     In  other  plants  soft  mud  machines  are  used, 
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but  in  all  the  larger  plants  stiff  mud  machines  are  in  use.  In 
this  method  the  clay  is  worked  into  a  stiff  mud  which  is  more 
or  less  plastic  but  not  pasty,  and  this  mud  is  crowded  through 
a  die  forming  a  bar  which  must  be  stiff  enough  to  hold  its 
shape  even  when  subject  to  strain.  Most  of  the  modern  ma- 
chines are  operated  by  an  auger.  The  auger  machine  consists 
of  a  short  pug-mill,  the  knives  attached  to  a  horizontal  shaft 
which  terminates  in  an  auger.  The  tempered  clay  is  fed  into 
the  machine  through  the  hopper.  It  is  there  crowded  forward 
by  the  revolving  knives  to  the  auger  which  presses  it  through 
the  die,  issuing  as  a  compact  bar  of  clay.  If  the  brick  are  to 
be  side  cut,  this  bar  has  the  length  and  width  of  the  brick.  If 
end  cut,  the  bar  has  the  width  and  thickness  of  the  brick.  In 
the  ordinary  size  auger  machine,  the  clay  chamber  is  24  inches 
in  diameter,  the  shaft  carries  six  double  puggirjg-knives  and 
an  auger  8  to  18  inches  long.  Such  a  machine  will  make  4,500 
to  6,000  brick  per  hour,  requiring  40  to  60  horse-power  and 
weighs  six  to  seven  tons. 

The  clay  worked  by  the  auger  machine  has  a  tendenc}^  to 
become  laminated,  which  is  in  part  removed  by  the  pressure 
m  forcing  through  the  die.  Very  plastic  clays  will  retain  this 
structure  and  are  not  adapted  to  this  process.  Some  clays  to 
avoid  this  lamination  require  a  longer  or  shorter  auger,  a 
longer  or  shorter  space  between  end  of  auger  and  the  die.  It 
thus  requires  experiments  to  test  the  correct  arrangement  for 
different  clays.  Friction  caused  by  the  clay  passing  through 
the  die  will  make  the  edges  furred  or  rough  unless  overcome 
by  using  water,  steam,  or  oil,  as  a  lubricant  in  the  die.  Ex- 
periment is  again  required  to  find  which  method  of  lubrica- 
tion is  best.  The  clay  bar  is  carried  from  the  die  on  a  belt 
conveyor  to  the  cutting  table  which  is  close  to  the  brick 
machine,  where  it  is  side  or  end  cut  by  wires  fastened  to  a 
sl'-c]  frame  and  operated  by  hand  or  is  automatic  in  action. 

Paving-brick  are  usually  repressed  and  some  companies 
repres  the  building  brick-  on  machines  of  heavy  construction 
designed  for  this  work-  under  high  pressure.  The  object  of 
repressing   the  brick   is  to  make  the  brick  denser,  to  stamp 

le  marks  or  the  name  oi  the  company  or  brick  on  one  side, 
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to  give  smoother  surfaces  and  shape  the  corners  and  edges, 
and  to  obliterate  the  rough  wire-cut  edges  or  sides,  and  to 
mark  one  or  both  sides  of  the  brick  by  special  patterns  as  in 
paving  block  and  some  sidewalk  brick.  It  is  very  doubtful 
whether  the  repressing  of  a  brick  adds  any  to  its  strength,  in 
fact  some  engineers  claim  it  lowers  to  some  extent  the 
strength. 

The  green  brick  from  the  machines  or  the  pottery  ware 
must  be  dried  before  entering  the  kilns.  This  is  done  in  open 
yards  by  the  sun  in  some  small  plants,  on  drying  floors,  or  in 
tunnel  driers  heated  by  hot  air  or  steam.  The  average  amount 
of  water  in  1,000  standard  size  brick  made  from  the  average 
clays  in  this  State  would  contain  about  20  per  cent,  of  mois- 
ture or  about  1,400  pounds  while  in  paving-brick  there  would 
be  about  2,500  pounds  of  water  to  the  1,000  brick  to  be  re- 
moved usually  in  24  hours.  The  two  important  factors  in 
drying  brick  are  heat  and  circulation  of  air. 

In  most  of  the  larger  brick  works,  the  brick  are  dried  in 
progressive  tunnel  driers.  The  tunnels  are  80  to  120  feet  long, 
about  five  feet  high,  and  same  width,  with  tracks  on  the  floor 
connected  with  the  molding  room.  A  series  of  tunnels  is  made 
side  by  side  under  one  roof  and  heated  by  hot  air  or  steam. 
The  car  of  green  brick  is  placed  in  the  drier  at  the  cool  end 
away  from  the  entrance  of  the  heat.  The  next  car  pushes  the 
first  forward  and  so  on  until  the  car  of  brick  dried  is  crowded 
out  at  the  other  end  and  is  ready  for  the  kiln.  The  car  of 
brick  thus  moves  progressively  from  cooler  portions  of  the 
drier  to  the  hotter  portions  and  is  gradually  heated.  In  most 
modern  plants  the  heat  is  drawn  from  the  cooling  kilns  by 
fans  and  then  forced  into  the  tunnels.  This  method  supplies 
cheap  heat  that  would  otherwise  go  to  waste  and  also  reduces 
the  time  for  cooling  the  kilns.  These  driers  are  made  with  a 
capacity  of  40,000  to  250,000  brick. 

After  the  brick  are  thoroughly  dried,  they  are  removed  to 
the  kilns.  The  burning  of  brick  in  the  kiln  has  been  divided 
by  Orton  into  three  divisions  corresponding  to  the  important 
reactions  at  different  temperatures : 
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1.  The  Dehydration  Period  which  represents  the  disso- 
ciation of  materials  which  are  unstable  at  high  temperatures, 
and  the  expulsion  of  the  volatile  portions  from  the  mass  of  the 
clay.  At  this  stage  there  has  been  little  or  no  fusion  of  the 
particles  of  the  clay,  the  hardness  is  very  little  higher  than 
that  of  the  dried  brick,  and  the  color,  if  iron  is  present,  is  a 
pale  red.  Brick  removed  from  the  kiln  at  this  point  would  be 
useless. 

2.  The  Oxidation  Period.  Now  occurs  the  transforma- 
tion of  the  non-volatile  elements  from  less  stable  into  more 
stable  forms  by  absorption  of  gases  from  without  the  mass, 
especially  oxygen.  At  the  end  of  this  period,  the  brick  will 
have  a  uniform  color  from  surface  to  center,  there  will  be  no 
cores  of  different  shade  if  the  operation  is  complete.  The  brick 
will  be  somewhat  harder  than  before  and  fire  shrinkage  has 
commenced  but  so  far  is  low.  The  brick  at  this  point  is  not  a 
salable  product. 

3.  The  Vitrification  Period.  In  this  period  the  amal- 
gamation at  an  elevated  temperature  of  the  various  residual 
inorganic  substances  left  by  the  two  preceding  reactions  is 
completed  into  a  more  or  less  perfect  silicate  compound.  The 
stages  of  this  period  are  incipient  fusion,  vitrification  and  vis- 
cosity or  fusion.  As  the  temperature  is  raised  in  the  kiln,  the 
product  becomes  denser  and  stronger  reaching  a  maximum  at 
a  certain  temperature  varying  with  the  nature  of  the  clay,  and 
then  begins  to  fall  until  there  results  the  brittle,  often  vesicu- 
lar useless  slag.  This  is  therefore  a  most  important  stage  in 
lie  burning,  for  the  kiln  operator  must  bring  a  kiln  of  paving- 
brick  as  near  this  maximum  as  possible  and  not  carry  the 
temperature  over  to  the  viscous  state.  Ordinary  building 
brick  are  usually  brought  to  the  stage  of  incipient  fusion. 

The  successful  kiln  burner  must  understand  the  nature  of 
his  clay  and  the  changes  which  take  place  in  its  burning.  He 
must  be  prepared  to  control  the  fires  and  drafts  to  insure  com- 
plete  oxidation  increasing  the  kiln  temperature  for  Nitrifica- 
tion. He  must  know  how  to  bring  the  ware  to  th<  correel  tern 
perature  where  vitrification  will  take  place  with  the  maximum 
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PLATE  XXXIV(B). — Natural    Cement   Limestone   Quarry   in   Elbrook 
Formation,   One   Mile  East  or   Shepherdstown. 

PLATE   XXXIV(A).— Old    Natural    Cement   Mill   East   of    Shepherds- 
town.     (Top). 
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strength  of  product,  and  not  carry  it  too  far  where  the  ware 
will  be  softened  and  lose  shape  and  strength. 

Clay  wares  are  burned  in  kilns  which  vary  in  shape  and 
design  according  to  the  kind  of  ware  and  the  ideas  of  the  de- 
signer. Brick  are  usually  burned  in  one  of  two  types  of  kilns. 
up-draft  and  down-draft.  The  former  are  usually  rectangular 
in  shape  and  the  latter  usually  round.  In  the  up-draft  kiln  the 
heat  passes  from  below  upward  and  out  at  the  top  of  the  kiln, 
bringing  the  highest  temperature  near  the  bottom.  In  the 
down-draft  kiln  the  heat  passes  through  vertical  flues  or  chim- 
neys to  the  top  of  the  kiln  and  passes  out  through  flues  at  the 
bottom,  bringing  the  highest  temperature  near  the  top  of  the 
kiln,  and  also  distributing  the  heat  more  uniformly  through 
the  whole  kiln.  Both  types  are  used  for  building  brick  and 
the  second  type  for  vitrified  brick. 

The  up-draft  kilns  are  in  common  use  in  the  State  for 
burning  building  brick.  The  brick  are  placed  in  the  kilns  32 
to  42  courses  high  and  the  kilns  are  made  with  9  to  24  arches, 
holding  140,000  to  400,000  brick,  which  are  burned  in  seven  or 
eight  days  and  cooled  in  six  to  eight  days.  The  circular  down- 
draft  kilns  in  this  State  are  made  26  to  30  feet  in  diameter. 
The  28-foot  kiln  will  hold  about  65,000  standard  size  building 
brick,  or  35,000  pavers,  and  the  larger  size  kiln  will  hold  about 
80,000  standard  brick.  The  larger  size  kilns  are  more  econom- 
ical in  fuel  in  proportion  to  the  amount  of  product  made. 

In  the  past  few  years  much  attention  has  been  given  to 
the  working  of  continuous  kilns  which  have  long  been  in  use 
in  Germany.  In  this  type  there  is  a  series  of  compartments 
or  separate  kilns  connected.  In  operation  when  brick  are  dry- 
ing in  one  part,  other  parts  are  being  burned  and  others  are 
cooling.  When  one  division  is  burned  an^  the  brick  cooled, 
they  are  removed  and  the  division  filled  with  green  brick. 
This  German  type  is  used  to  a  very  limited  extent  in  this 
country.  There  are  two  types  of  continuous  kilns  now  used  in 
this  country  that  are  proving  very  satisfactory  and  result  in 
great  saving  in  fuel  cost.  One  of  these,  the  Yongren  Kiln,  is 
in  use  at  the  North  Mountain  brick  plant  near  Martinsburg. 
The  other  type  is  the  Haigh  Kiln. 
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The  Haigh  continuous  kiln  is  now  in  use  at  a  number  of 
large  plants  in  this  country  and  is  held  in  high  favor.  It  con- 
sists of  a  series  of  compartments  each  of  which  is  fired  inde- 
pendently. When  burned  the  ware  is  removed  from  the  out- 
side and  loaded  into  cars,  while  the  compartment  can  be  load- 
ed with  a  new  supply  from  the  inner  court  of  the  kiln,  the  com- 
partments being  built  on  two  sides  of  this  court.  The  firing  is 
done  from  furnaces  on  sides  of  the  kiln  and  also  fired  from  the 
top.  The  top  firing  is  started  before  the  side  fires.  The  ad- 
vancing heat  from  the  other  compartments  brings  the  un- 
burned  brick  in  a  given  compartment  to  the  settling  point 
and  through  the  water-smoking  period.  The  fuel  in  the  com- 
partment is  then  added  and  it  is  claimed  that  the  saving  in 
fuel  by  this  method  is  50  to  60  per  cent.  One  plant  using  this 
type  of  kiln  stated  that  they  used  1,275  pounds  of  coal  per 
1,000  brick  in  the  down-draft  kiln,  and  in  this  continuous  kiln 
they  used  only  525  pounds  for  the  same  result. 

In  the  No.  1  size  kiln,  which  is  regarded  as  the  standard 
size  for  burning  common  brick,  paving-brick,  and  hollow- 
ware,  the  sections  are  15  feet  wide,  12  feet  long",  and  11  feet 
6  inches  high.  If  made  with  22  chambers,  it  gives  a  daily 
capacity  of  30,000  to  40,000  brick,  or  15,000  to  20,000  paving- 
brick,  or  40  to  60  tons  of  fireproofing  or  hollow-ware.  The 
Yongren  kiln  is  described  later  in  this  Chapter  under  the  head- 
ing of  Adamantine  brick  plant  at  North  Mountain. 

Brick  Plants  in  Eastern  Panhandle  Area. 

The  Cambro-Silurian  limestones  in  Berkeley  and  Jeffer- 
son Counties  are  overlain  with  a  deposit  of  red  clay.  Its  per- 
centage of  lime  is  low,  while  the  percentage  of  silica  is  high, 
showing  that  it  has  not  been  formed  entirely  by  the  weather- 
ing of  the  limestone.  It  agrees  more  closely  with  the  shales  in 
its  chemical  composition.  The  deposit  over  the  limestone  at 
Bakerton  is  ten  to  twenty-five  feet  thick,  and  it  is  found  over 
the  limestone  near  IVtartinsburg,  and  near  Charlestown  and 
many  other  places.  When  wet  it  is  very  sticky  and  when  dr\ 
shows  .i  tendency  to  crumble  like  sand.  It  represents  a  source 
of  large  expense  in  the  working  of  the  quarries,  and  tests  show 
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that  it  does  not  make  very  high-grade  clay  products,  though 
it  is  used  for  common  building  brick  and  is  fairly  satisfactory 
for  this  purpose. 

The  composition  of  this  red  clay  at  Bakerton  and  Charles- 
town  is  shown  by  the  following  Survey  analyses  : 


Valley  Co, 

Charles- 

Martins- 

Charies- 

Bakerton. 

town. 

burg. 

town. 

55.43 

54.35 

72.10 

46.21 

Alumina 

18.78 

21.49 
8.00 

14.06 
3.60  | 

24.85 

7.06 

11.81 

Ferrous  iron 

0.15 

0.00 
0.79 
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1.12 

Magnesium  oxide 

2.59 

0.85 

Lime   oxide 

1.56 

0.30 

0.66 

0.53 

Sodium  oxide 

0.12 

trace 

0.33 

Potassium  oxide 

0.69 

6.35 

3.20 

2.62 

1.62 

2.89 

0.60 

0.86 

Phosphorus    

0.60 

0.09 

Sulphur    

1.05 

trace 

Loss  on  ignition 

9.13 

5.70 

5.28 

9.13 

100.38  99.55       96.82       99.80 

The  clay  has  a  bright-red  color  due  to  the  high  percentage 
of  ferric  iron.  It  has  a  low  percentage  of  lime  even  though  it 
is  so  closely  associated  with  limestone,  and  the  lime  will  not 
injure  the  ware.  The  alkalies,  soda  and  potash  are  high  in  the 
Charlestown  sample  and  would  make  the  clay  fuse  at  low 
temperatures  and  this  may  explain  the  usually  loose  open  tex- 
ture and  the  brittle  character  of  the  brick.  To  make  a  good 
brick  from  this  fusible  clay  requires  great  care  in  control  of 
the  kiln  temperature.  It  vitrifies  at  cone  5  (2246°  F.).  Brick 
plants  have  been  in  operation  on  this  clay  at  Charlestown  and 
Shepherdstown. 

There  have  been  three  brick  plants  at  Charlestown  oper- 
ating for  short  periods  of  time  and  then  abandoned.  One  of 
these  plants  was  operated  under  the  name  Charlestown  Brick 
and  Tile  Works  and  located  just  north  of  town.  Brick  were 
made  at  this  place  for  eight  or  ten  years  to  supply  a  local  de- 
mand, but  it  has  been  out  of  commission  for  some  years.  The 
yard  was  equipped  with  a  soft-mud  machine  consisting  of  a 
vertical  press-box  three  feet  in  diameter  with  a  horizontal  12- 
foot  pug-mill,  and  operated  by  horse  power.     The  clay  was 
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tempered  in  a  ring- pit  on  the  ground  and  the  pug-mill,  and 
burned  in  ordinary  up-draft  scove  kilns. 

The  red  cla}r  in  all  these  old  yards  is  two  to  four  feet  deep 
resting  on  the  limestone,  and  with  large  limestone  boulders 
scattered  through  it.  While  the  clay  is  of  shallow  depth,  the 
available  acreage  is  large.  This  red  clay  slakes  in  one  minute 
and  requires  32  per  cent,  of  water  to  develop  its  normal  mold- 
ing consistency  and  it  is  fairly  plastic.  Its  air  shrinkage  is  8 
per  cent,  and  the  tensile  strength  reaches  153  to  167  pounds  to 
the  square  inch.  Its  specific  gravity  is  2.61.  It  vitrifies  at 
cone  1  (2102°  F.)  and  becomes  viscous  at  cone  5  (2246°  F.), 
while  the  Bakerton  with  lower  amount  of  alkalies  vitrifies  at 
cone  5  where  the  Charlestown  clay  is  viscous.  The  total 
amount  of  fluxing  elements  in  these  clays  which  would  include 
the  iron,  lime,  magnesia,  soda,  and  potash,  is  12.17  in  the 
Bakerton  clay  and  15.44  in  the  Charlestown  clay  which  are 
high  percentages. 

The  Valley  Brick  Company  at  the  north  edge  of  Charles- 
town has  a  very  complete  plant  with  dry  pan,  crusher,  pug- 
mill,  and  auger  machine  of  Freese  pattern.  The  brick  were 
dried  in  a  5-tunnel  drier  and  burned  in  four  down-draft  round 
kilns,  30  feet  in  diameter.  The  red  clay  is  used  from  over  the 
Elbrook  Limestone  and  the  pit  is  6  to  8  feet  deep.  Its  compo- 
sition is  given  in  the  preceding  table  of  analyses.  This  plant 
has  been  idle  for  some  time,  but  plans  are  under  way  to 
reopen  it. 

The  Henson  Brick  Yard  was  located  at  the  west  edge  of 
Shepherdstown,  and  also  used  the  red  clay  from  over  the 
limestone.  The  plant  was  started  in  1899  and  made  a  very 
good  quality  of  common  building  brick  which  may  be  seen  in 
the  State  Normal  School  Building  in  the  town.  The  clay  was 
tempered  in  a  soak-pit  and  molded  in  a  Martin  soft-mud  ma 
chine  of  12,000  daily  capacity.  The  brick  were  dried  in  five 
shed  pallel  driers  piled  (en  pallets  high  and  holding  12,500 
brick.  The  brick  were  burned  with  coal  six  to  seven  days  in 
an  up-drafl  permanenl  clamp  kiln  with  eighl  arches,  holding 
l  10,000  bnek.     The  plan!  lias  been  abandoned  for  some  time. 

The  chemical  composition  of  these  red  clays,  with   the 


WEST   VIRGINIA    GEOLOGICAL    SURVEY.  533 

high  percentage  of  silica,  their  location  in  depressions  of  the 
surface  of  the  limestone  and  in  the  crevices  of  the  rock,  and 
the  irregular  eroded  surface  of  the  limestone  floor,  would  indi- 
cate that  the  deposits  of  clay  were  transported,  allied  in  origin 
to  the  river  clays  of  the  State. 

The  Buxton  Brick  Works  is  located  one-half  mile  north- 
east of  the  city  of  Martinsburg  and  was  built  in  1895.  The 
Martinsburg  Shales  are  used,  the  surface  weathered  portions 
especially  being  mined.  The  shales  are  ground  in  a  nine-foot 
dry  pan,  tempered  in  a  horizontal  12-foot  pug-mill,  and  molded 
in  a  stiff-mud  and  auger  machine  with  a  daily  capacity  of 
30,000  brick,  which  are  side  cut.  The  brick  are  dried  in  six 
dry  sheds  made  with  double  sloping  roof  set  on  poles,  with 
open  sides,  and  holding  38,000  to  45,000  brick  each.  One  shed 
is  enclosed  and  provided  with  steam  pipes  in  the  floor  for  use 
in  bad  weather.  The  brick  are  burned  seven  to  eight  days 
with  coal  fuel  in  two  up-draft  ten-arch  permanent  wall  kilns 
holding  206,000  to  212,000  brick.  The  brick  are  red  in  color, 
uniform  in  texture,  hard  and  strong,  and  they  have  found  a 
good  market  in  local  trade.  The  shale  is  worked  in  an  open 
pit,  three  to  eight  feet  deep,  while  borings  have  been  made  16 
feet  into  this  shale.  Only  the  softer,  weathered  portions  are 
used,  and  masses  of  harder  shale  are  left  in  the  pit.  Pure 
white  clay  streaks  a  few  inches  thick  occur  all  through  the 
shale,  but  are  more  frequent  in  the  upper  four  feet.  The  shale 
comes  to  the  surface.  The  chemical  composition  of  the  un- 
altered shale  (slate)  in  the  old  Lovett  slate  quarry  at  a  depth 
of  60  feet,  and  the  weathered  shale  at  the  Buxton  works  are 
shown  in  the  following  Survey  analyses : 

Lovett 
Quarry. 

Silica    53.30 

Alumina    18.16 

Ferric  iron 1.95 

Ferrous  iron 4.58 

Magnesium  oxide 2.65 

Lime   oxide 4.89 

Sodium  oxide 0 .  82 

Potassium   oxide 3.70 

Water    0.68 

Titanium   0 .  72 

Phosphorus    0.24 

Sulphur 0.77 

Loss  on  ignition 7.36 
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The  first  two  analyses  show  a  loss  of  the  soluble  compo- 
nents with  the  resultant  increase  in  silica  and  alumina  in  pro- 
portion to  the  other  elements.  The  iron  is  oxidized  in  the 
weathered  shale  and  appears  as  ferric  iron.  The  percentage 
of  fusible  components  has  decreased  from  18.59  in  the  deep 
shale  or  slate  to  11.98  in  the  weathered  shale.  The  silica- 
alumina  ratio  is  practically  the  same  in  the  two,  2.93  to  1  in 
the  deep  shale  and  2.86  to  1  in  the  weathered  shale. 

The  shale  does  not  slake  readily,  requiring  a  long  time. 
It  takes  28  per  cent,  of  water  to  develop  its  normal  molding 
consistency.  Its  air  shrinkage  is  4  per  cent,  and  the  shale  at- 
tains a  tensile  strength  of  122  pounds  to  the  square  inch,  and 
when  well  weathered  this  strength  increases  to  150  pounds. 
The  shale  vitrifies  at  cone  1  (2102°  F.),  with  fire  shrinkage  of 
11  per  cent.,  and  it  is  completely  vitrified  at  cone  5  (2246°  F.). 
The  high  percentage  of  fluxes  is  the  cause  of  the  low  point  of 
vitrification.  This  plant  has  for  many  years  been  the  main 
source  of  supply  of  the  building  brick  at  Martinsburg. 

To  the  north  of  North  Mountain  Station  on  the  Main 
Line  of  the  Baltimore  and  Ohio  Railroad,  seven  miles  north 
of  Martinsburg,  is  the  plant  of  the  Adamantine  Clay  Products 
Company  built  in  1911  and  using  the  Martinsburg  Shale  from 
a  belt  that  outcrops  along  the  east  side  of  North  Mountain. 
They  have  erected  a  modern  plant  equipped  with  stiff-mud 
auger,  pug-mill,  dry  pans,  etc.  The  brick  are  dried  in  a  tunnel 
drier  and  burned  in  a  Yongren  continuous  kiln  fired  with  pro- 
ducer gas.  The  company  so  far  has  made  a  specialty  of  build- 
ing brick  and  plans  to  make  a  paving-brick  also. 

The  composition  of  the  shales  at  this  place  is  shown  by 
the  following  analyses  made  by  Dr.  Heinrich  Ries  of  Cornell 
University : 

A  B 

Silica 62. 8S  62.36 

Alumina   16.76  17.71 

Ferric  Iron  oxide 7 . l"2  i;.!i:i 

Lime  oxide 0.12  0.10 

Magnesium  oxide 1.71  1.42 

Potassium    oxide ;!.02  2.79 

Sodium  oxide 1.03  0.78 

Water   6.93  7.22 

99.67         !t9.91 
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These  two  samples  though  taken  some  distance  apart 
show  a  very  uniform  shale.  The  percentage  of  fluxes  is  12.02 
to  13.10,  similar  to  the  weathered  shale  at  the  Buxton  yard. 
The  silica-alumina  ratio  is  higher,  being  about  3.65  to  1.  The 
samples  were  taken  from  pits  and  represent  the  weathered 
portion  of  the  shale.  The  iron  is  above  the  average  percentage, 
gives  a  good  deep  color  to  the  brick,  and  a  deep  chocolate- 
brown  color  to  the  vitrified  product. 

A  mechanical  analysis  shows  the  size  of  the  component 
grains  of  the  clay  or  shale.  Dr.  Ries  made  the  following  me- 
chanical analysis  of  this  shale : 

Per  cent. 

Retained  on  sieve  of     20  mesh 16 .  00 

40  mesh 38.00 

80  mesh : 20.00 

150  mesh 17.00 

Passed   through   the   150    mesh 9.00 

100.00 

The  portions  retained  on  the  20-  and  40-mesh  sieves  would 
be  classed  as  sand  coarse  and  fine.  That  on  the  80-  and  150- 
mesh  sieve  would  be  coarse  clay,  while  that  passing  through 
the  150  sieve  would  represent  fine  clay.  This  shale  therefore 
crushes  to  a  fairly  coarse  clay  with  sand  which  is  regarded  as 
especially  good  in  a  paving-brick  clay. 

The  shale  represented  by  sample  "A"  is  a  soft  buff  shale 
which  according  to  Dr.  Ries'  tests  required  19  per  cent,  of 
water  to  form  a  normal  molding  consistency  and  was  moder- 
ately plastic  and  had  a  tensile  strength  of  40  pounds  to  the 
square  inch.  It  burned  to  a  hard  body  of  red  color  at  cone  010 
and  05  (1742°  to  1922°  F.)  and  vitrified  at  cone  3  (2174°  F.) 
but  was  not  fused  at  cone  5  (2246°  F.).  The  air  shrinkage  was 
3.3  per  cent,  and  fire  shrinkage  at  cone  3  was  13.3  per  cent. 

The  shale  marked  "B"  also  a  buff  soft  shale  was  more 
plastic  and  had  a  somewhat  higher  tensile  strength  of  68.7 
pounds.  Its  air  shrinkage  was  about  the  same,  3.5  per  cent., 
and  fire  shrinkage  at  cone  3  was  16.9  per  cent.  It  also  vitrifies 
at  cone  3  and  is  not  fused  at  cone  5. 

A  sample  of  the  black  slaty  shale  which  is  found  in  the 
Martinsburg  Shale  formation  was  also  tested  and  found  to  be 
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of  low  plasticity  and  low  tensile  strength.  This  shale  was  past 
vitrification  at  cone  1  (2102°  F.)  and  was  fused  at  cone  3 
(2174°  F.).  It  also  vitrifies  very  suddenly  and  is  not  very 
promising  for  brick  material.  The  brick  made  at  this  plant 
confirm  the  preliminary  tests  here  given,  and  the  clay  vitrifies 
to  a  good  firm  body  of  good  color.  Brick  are  shipped  to  Mar- 
tinsburg  and  to  eastern  and  southern  cities.  A  large  quantity 
was  used  on  the  new  tunnel  work  of  the  Baltimore  and  Ohio 
Railroad  near  Pawpaw. 

The  Adamantine  Company  has  worked  out  a  considerable 
area  of  the  surface  weathered  shales  down  to  the  black  slate 
close  to  the  plant  with  a  depth  of  about  15  to  25  feet.  The 
upper  part  of  the  bank  shows  it  to  be  a  slip  from  the  moun- 
tain side  with  a  mixture  of  shales  and  weathered  clay.  In  the 
winter  of  1914-15,  a  tunnel  was  driven  west  under  the  county 
road  into  the  heavier  part  of  the  hill  where  a  large  open  pit 
is  excavated.  The  shales  here  are  smooth  yellowish-buff  and 
some  with  bluish  cast,  and  they  are  quite  compact  when  fresh, 
but  are  readily  crushed.  They  appear  to  be  more  even  in  tex- 
ture and  more  uniform  in  composition  than  the  shales  and 
clay  in  the  other  pits  near  the  plant,  and  they  will  probably 
make  an  even  better  product.  The  company  is  making  good, 
solid  building  and  sidewalk  brick,  and  it  also  makes  a  very 
attractive  front  or  ornamental  brick  in  a  variety  of  shades 
which  have  found  ready  sale  in  the  eastern  cities.  Their  rough 
tapestry  brick  has  a  pitted  and  somewhat  corrugated  side,  and 
it  is  burned  to  a  dark-brown  color  with  tinges  of  black.  It 
has  a  rock-face  appearance  and  when  laid  in  the  wall  gives  a 
most  pleasing  effect. 

The  plant  is  of  modern  design,  more  so  than  many  larger 
capacity  plants  in  the  eastern  part  of  the  country.  The  shales 
arc  easily  crushed  in  a  nine-foot  dry  pan,  and  thoroughly 
mixed  and  tempered  in  a  12  !"<><>t  pug-mill,  from  which  the  clay 
is  carried  by  conveyor  to  a  Raymond  auger  brick  machine  (No. 
888)  which  has  a  daily  capacity  of  60,000  brick.  The  solid  clay 
bar  from  this  machine  is  end  cut  by  an  automatic  rotary  cut- 
ting tabic,  and  the  brick  arc  then  repressed  on  two  Raymond 
repress  machines. 
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The  green  brick  are  dried  by  hot  air  in  a  12-tunnel  drier. 
There  is  one  track  in  each  tunnel  which  holds  14  brick  cars 
with  7,000  brick,  so  that  the  drier  capacity  is  84,000  brick  in 
24  hours.  The  loaded  car  from  the  repress  machine  is  shoved 
to  the  cooler  end  of  the  tunnel,  the  next  car  crowds  the  first 
one  forward,  and  so  on  until  the  tunnel  track  is  full  of  cars. 
The  next  car  added  shoves  the  first  car  out  with  its  load  of 
dried  brick,  from  the  hottest  end  of  the  tunnel.  By  the  use 
of  several  tunnels,  the  movement  of  the  green  brick  toward  the 
hotter  zones  of  the  drier  can  be  delayed  as  long  as  necessary. 
There  is  thus  a  gradual  drying  of  the  product  with  the  result 
of  a  better  structure  and  greater  strength.  All  shales  and  clays 
shrink  on  drying,  and  if  this  operation  is  too  rapid,  the  shrink- 
age will  crack  and  injure  the  brick  structure.  It  is  thus  very 
important  to  have  ample  drying  space  and  to  use  proper  care 
in  the  manipulation  of  the  drier,  and  of  the  brick  in  the  drier. 

The  trucks  or  cars  with  the  dried  brick  are  then  run  on 
tracks  to  the  kilns  and  set  in  them  for  burning.  At  this  plant 
the  Yongren  continuous  kiln  of  the  Raymond  Brick  Company 
is  used.  This  is  a  continuous  kiln  with  18  chambers  at  this 
plant,  built  nine  on  each  side  of  a  central  court.  The  chambers 
open  into  the  court  from  which  the  brick  are  taken  into  the 
kiln,  and  from  which  the  burned  brick  can  be  hauled  to  the 
storage  yard.  They  also  open  at  the  opposite  end  on  a  plat- 
form from  which  brick  can  be  loaded  directly  into  railroad 
cars. 

These  chambers  or  compartments  are  rectangular  in 
shape  with  arched  roofs,  and  in  principle  operate  as  a  down- 
draft  kiln.  Each  holds  50,000  to  55,000  building  brick.  They 
are  fired  with  producer  gas  made  in  three  large  steel  gas- 
producers  where  coal  is  used  to  generate  the  gas.  A  suitable 
pipe  distributing  system  with  regulator  valves  and  dampers 
permits  the  deflection  of  the  gas  to  any  kiln  chamber  or  group 
of  chambers.  There  is  also  a  series  of  pipes  for  carrying  the 
surplus  heat,  or  the  heat  from  cooling  compartments,  where 
the  operation  of  burning  has  been  completed,  to  other  parts  of 
the  kiln.  This  heat,  which  in  the  ordinary  brick  plant  escapes 
into  the  air  through  stacks  and  is  thus  wasted  and  lost,  is  in 
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this  type  of  kiln  saved.  This  heat  can  be  carried  in  the  pipes 
to  a  chamber  filled  with  brick  from  the  drier,  which  still  con- 
tains a  very  considerable  amount  of  water.  This  extra  mois- 
ture can  not  be  removed,  practically  or  economically  in  the 
drier,  but  it  can  be  removed  in  the  kiln  by  use  of  this  waste 
heat.  This  period  of  burning  in  the  kiln  is  known  as  water- 
smoking,  and  is  done  in  the  ordinary  type  of  kilns  by  slow 
fires  continued  for  several  hours  with  a  resultant  consumption 
of  fuel.  It  is  estimated  by  some  manufacturers  that  30  to  40 
per  cent,  of  the  coal  consumed  in  burning  a  kiln  of  brick  is 
used  during  this  water-smoking  period.  The  continuous  kiln 
as  used  at  this  plant  is  not  only  a  great  fuel  saver ;  but  it  also 
permits  such  close  regulation  of  heat  in  the  kiln  that  the  prod- 
uct can  be  burned  at  the  correct  temperature  and  held  at  that 
temperature  for  a  sufficient  length  of  time  to  secure  the  best 
results. 

Sidings  from  the  Baltimore  and  Ohio  Railroad  are  ar- 
ranged for  loading  brick  from  the  kiln  compartments  into  the 
cars,  and  for  bringing  coal  convenient  to  the  producers  and 
drier.  The  machinery  is  operated  by  steam,  and  the  drier  is 
fired  by  coal  furnaces.  The  buildings  housing  the  plant  are  of 
heavy  timber  construction,  and  the  entire  plant  is  compact  and 
well  built.  The  buildings  were  completely  destroyed  by  fire 
in  the  summer  of  1915,  but  were  rebuilt  so  that  the  plant  was 
in  operation  by  January,  1916. 

The  Martinsburg  Shales  at  a  number  of  localities  are 
available  for  brick  and  tile  manufacture  and  convenient  to 
railroads.  A  few  analyses  of  these  shales  and  some  of  the 
clays  as  made  by  the  Survey  and  others  are  here  included. 
From  the  chemical  composition,  these  shales  and  clays  arc 
adapted  to  the  manufacture  of  good  products,  but  it  must  be 
remembered  that  actual  tests  by  making  the  products  arc 
necessary  before  the  real  value  of  the  shales  and  clays  can  be 
known.  The  analyses  then  suggest  favorable  conditions  and 
in  ili<-  few  cases  where  tests  have  followed  the  analyses  the} 
have  proved  the  value  of  the  material  : 
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No.  43     No.  58     No.  27     No.  90     No.  189 

Silica    56.67 

Alumina    19 .  52 

Ferric  iron 3.06 

Ferrous    iron 4.00 

Lime   oxide 2.23 

Magnesium    oxide 1.94 

Sodium    oxide 0.96 

Potassium   oxide 3.08 

Water    0.36 

Titanium  0 .  86 

Phosphorus    0.45 

Loss  on  ignition 5.56 

No.  43  is  the  shale  near  Berkeley  Station  on  the  Tabler  farm,  four 
miles  northeast  of  Martinsburg. 

No.  58  is  the  shale  on  L.  Tabler  farm,   two    miles   from   the   last. 

No.  27  is  the  shale  two  miles  east  of  Martinsburg  east  of  Opequon 
Creek. 

No.  90  is  tae  river  clay  sampled   on  the  Walter  Snyder  farm. 

No.  189  is  the  river  or  creek  clay  on  the  Wellschance  farm  north- 
east of  Martinsburg,   west  of  Opequon   Creek. 

The  following  analyses  from  a  bore  hole  show  the  char- 
acter of  the  Martinsburg  Shales  with  depth  in  feet  below  the 
surface : 

0—24  24—84  84 — 140  140—200 

Silica     57.96  56.06  50.30  55.46 

Alumina    20.52  17.24  17.31  20.24 

Iron   oxide 7.42  7.42  6.41  4.94 

Lime  oxide 0.19  4.23  6 .  91  4.99 

Magnesium    oxide 1.56  2.84  2 .  60  2.32 

Loss  on  ignition 8.06  8 . 74  11.16  8.78 

The  first  24  feet  was  very  soft  weathered  shale  and  the 
rest  was  a  hard  black  shale  almost  a  slate.  There  is  not  as 
much  change  in  composition  as  one  would  expect.  The  solu- 
ble lime  and  magnesia  components  are  less  near  the  surface 
while  the  iron  is  about  the  same  except  the  lower  percentage 
near  the  base  of  the  section.  With  the  steeply  dipping  ledges 
a  vertical  bore  hole  would  not  follow  one  ledge,  but  intersect 
a  number  of  sloping  ledges  which  might  vary  one  from 
another  in  composition. 

Two  of  the  shale  tracts  near  Martinsburg  have  been  most 
carefully  tested  in  the  past  few  years  by  the  writer  for  inter- 
ested parties.  The  tests  were  carried  on  in  the  laboratory  of 
the  American  Clay  Machinery  Company  at  Bucyrus,  Ohio. 
One  of  these  locations  was  on  the  Aler  farm  two  miles  south- 
east of  Martinsburg.     In  that  section  there  is  a  vast  acreage 
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of  shales  which  show  an  excellent  outcrop  on  the  Aler  and 
adjoining  farms. 

Pits  were  sunk  on  the  Aler  farm  and  the  surface  weathered 
shale  as  well  as  the  more  solid  buff  shale  below  the  surface 
were  tested,  and  it  was  found  that  by  a  mixture  of  these  two 
shales  a  most  excellent  quality  of  brick  could  be  made.  The 
brick  have  a  rich  deep-red  color  most  pleasing  to  the  eye,  and 
they  vitrify  to  a  dark-brown  color,  and  if  carried  further  have 
a  black  tinge.  Tapestry  brick  with  their  roughened  surfaces 
give  a  dark-velvet  sheen,  so  much  in  demand  in  cities  now  for 
fronts  of  fine  buildings  and  which  command  fancy  prices.  Flat 
floor  tile  and  also  hollow  fireproofing  tile  in  two-foot  lengths 
were  made  without  any  indication  of  twisting  or  warping  out 
of  a  true  rectangular  shape,  and  they  had  high  strength.  Vit- 
rified paving-brick  were  made  which  withstood  the  rattler 
test  required  by  city  specifications  with  only  20  per  cent,  loss 
by  the  abrasion  of  the  test. 

These  shales  are  well  vitrified  at  cone  5  (2246°  F.),  and 
there  was  good  range  between  vitrification  and  fusion.  The 
tract  is  about  one  and  a  half  miles  from  the  Baltimore  and 
Ohio  Railroad  but  close  to  the  National  Limestone  Company 
switch,  and  it  was  planned  to  use  this  line.  The  materials  here 
are  adapted  to  a  broad  line  of  structural  clay  building  materials 
and  the  quantity  of  shales  is  practically  unlimited,  so  that  it 
forms  a  most  promising  location. 

An  analysis  of  the  weathered  shale  below  the  surface  on 
the  adjoining  National  tract  as  made  in  the  Survey  laboratory 
shows  the  following  composition  : 

Per  cent. 

Silica  61  08 

Alumina    18.21 

Iron    oxide 8.21 

Lime  oxide 0.35 

Magnesium    oxide 1.53 

Potassium   oxide 2.67 

Sodium  oxide 1 .07 

Water  1.86 

Loss  on  ignition 5 .  21 

100.19 

Another  tract  tested  by  the  writer  a  few  years  ago  was 
the  Myers  and  Houch  farms,  just  easl  "l"  the  Opequon  Creek, 
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on  the  Main  Line  of  the  Baltimore  and  Ohio  Railroad,  two 
miles  east  of  Martinsburg.  On  these  farms  is  a  series  of  shale 
hills,  20  to  40  feet  above  the  railroad  level  composed  of  buff 
flaky  shales  quite  soft,  with  a  level  field  below  for  the  plant 
site  which  adjoins  the  right  of  way  of  the  railroad  and  about 
same  level.  There  is  also  an  abundant  water-supply  either 
from  the  Opequon  Creek  or  from  the  Tuscarora.  The  buff 
shales  grade  downward  in  the  deep  run  cuts  into  a  hard  black 
slate.  These  are  exposed  in  the  lower  levels  near  the  Opequon 
and  in  one  other  deep  run  valley.  Tests  were  made  on  the 
surface  cultivated  crumbly  shale  which  is  of  shallow  depth,  on 
the  more  solid  buff  shale,  and  on  the  hard  black  shale  or  slate. 
The  mixture  of  surface  crumbly  shale  and  the  buff  shale  made 
a  very  satisfactory  building  brick  and  tile  which,  like  the  Aler 
shales  had  a  good  rich  color  and  showed  no  warping.  It  like- 
wise made  a  beautiful  ornamental  brick.  These  materials 
made  from  the  two  places  could  not  be  told  apart. 

The  paving-brick  apparently  had  a  good  firm  body  and 
structure  and  were  well  vitrified  and  of  good  color,  but  showed 
a  tendency  to  become  brittle  on  vitrification  and  so  had  a  rat- 
tler loss  too  high  to  accord  with  city  specifications.  The 
vitrification  took  place  at  about  cone  5,  the  same  as  on  the 
Aler  tract,  but  the  range  between  vitrification  and  fusion  is 
probably  too  small  so  that  after  vitrification  the  brick  pass 
over  to  the  partial  fusion  state  before  the  kiln  temperature  can 
be  reduced.  Tests  so  far  would  condemn  this  shale  for  paving- 
brick  at  least  as  far  as  the  surface  weathered  portions  are  con- 
cerned. No  pits  were  sunk  so  that  the  shales  below  the  sur- 
face were  not  tested  and  it  may  be  that  the  more  solid  shales 
below  the  much  weathered  surface  portion  will  be  found  suit- 
able for  this  work.  The  shales  are  on  the  same  belt  as  those 
southeast  of  town  and  the  composition  is  very  similar,  so  that 
they  would  be  expected  to  burn  in  nearly  the  same  way.  The 
shales  are,  however,  adapted  to  the  manufacture  of  practically 
all  kinds  of  structural  materials. 

The  black  shale  or  slate  was  tested  and  like  the  tests  at 
North  Mountain  on  similar  material  they  were  not  satisfac- 
tory.    It  burns  to  a  brittle  body,  its  strength  is  low,  and  it  is 
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probably  of  little  value  for  the  manufacture  of  clay  products. 
This  result  is  very  important  in  the  location  of  clay  plants,  as 
this  black  shale  represents  the  unweathered  portion  of  these 
shales  and  shale  pits  when  sunk  deep  enough  will  encounter 
this  material,  so  that  the  working  depth  of  the  shales  is  lim- 
ited by  the  zone  weathering.  This  depth  of  weathering  is  not 
known,  though  in  one  boring  east  of  town  there  were  24  feet 
of  the  weathered  shale  and  then  black  hard  shale.  In  esti- 
mating future  supply  for  a  brick  plant,  allowance  should  be 
made  for  a  working  depth  of  not  over  24  feet,  and  in  some 
places  it  is  probably  less.  In  some  parts  of  the  Martinsburg 
area,  the  black  slate  is  found  at  the  surface  and  in  others  only 
three  or  four  feet  below  the  surface.  In  the  area  tested  it  is 
known  to  be  at  least  ten  to  fifteen  feet  in  the  excavations  made 
and  the  bore  hole  would  indicate  it  was  24  feet. 

There  should  be  then  a  larger  acreage  of  shale  lands  than 
in  other  localities  where  the  shale  structure  is  different.  In 
this  area  the  working  shale  pits  will  be  comparatively  shallow 
and  extend  over  large  surfaces  with  the  growth  and  develop- 
ment of  a  plant.  Fortunately  these  larger  areas  are  available, 
but  sufficient  land  should  be  purchased  to  make  the  future  sup- 
ply for  the  plant  safe. 

The  analyses  of  the  weathered  surface  shale  (88),  the 
more  solid  buff  compact  shale  below  the  surface  (89,  90),  and 
the  hard  black  slate  (91)  on  these  Opequon  tracts  show  the 
following  composition  as  determined  in  the  Survey  laborator)' : 

No.  88     No.  89       No.  90     No.  91 

Silica    59.86       59.69       59.29       58.91 

Alumina    18.42       19 .  49       19.56       18.23 

Iron  oxide 9.08         7 .  S2         8.19         7 .  82 

Lime   oxide 0.29         0.25         0.52         1.82 

Magnesium    oxide 1.42         1.81         1.90         1.96 

Sodium  oxide 1.17         1.32         0.81         0.91 

Potassium  oxide 3.29         3.31         2.65         3.21 

Water    1  .  40         0 . 90         1 .  41         1 . 25 

Loss  on   Ignition 5.51         5.55         5 . 43         5 . 46 

100.44     100.14       99.76       99.57 

The  Martinsburg  field  with  its  great  supply  of  shales 
adapted  to  the  varied  clay  industries,  its  location  near  main 
lines   of   transportation,   and    short    distances    to   eastern    large 
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cities  with  resultant  low  freight  rates,  cheap  eiectric  power, 
abundant  water-supply,  ought  to  be  one  of  the  great  clay- 
working  centers  of  this  country.  It  would  be  difficult  to  find 
more  advantages  crowded  into  a  single  area  than  are  found 
here. 

The  profits  in  the  clay  industries  are  most  attractive,  even 
after  making  due  allowance  for  times  of  dullness  of  market. 
A  modern  fire-proof  plant  equipped  with  the  best  of  labor- 
saving  machinery,  with  continuous  kilns,  and  the  purchase  of 
the  land,  with  a  daily  capacity  of  60,000  paving-brick,  or 
100,000  building  brick,  would  cost  about  $250,000,  and  if  all 
the  production  was  sold  at  current  prices,  the  annual  profit 
above  all  expense  would  reach  $60,000.  If  by  dullness  of  mar- 
kets, low  sales  or  other  causes  only  half  the  product  was  sold, 
there  would  still  be  an  annual  profit  equal  to  12  per  cent,  on 
the  investment.     Such  a  plant  would  require  about  70  men. 

Other  Clays  and  Shales  in  the  Eastern  Panhandle  Area. 

Clays  suitable  for  stoneware  manufacture  are  found  at 
various  places  in  this  eastern  Panhandle  Area,  and  many  years 
ago  a  plant  was  in  operation  at  Martinsburg.  These  clays  are 
along  the  Opequon  and  various  other  stream  valleys  of  Berke- 
ley and  Jefferson  Counties.  There  is  a  very  good  deposit  on 
the  Tabler  farm  near  Tablers  Station  (No.  214),  on  the  Snyder 
and  Wellschance  farms  and  other  adjoining  tracts  on  the 
Opequon.  A  search  for  these  clays  would  doubtless  reveal 
many  good  deposits.  There  is  only  one  operating  stoneware 
plant  in  this  State  and  that  is  near  Clarksburg,  and  yet  there  is 
the  large  market  in  the  State  and  in  the  East.  The  cost  of 
erection  of  such  plant  is  not  high  and  it  should  be  a  profitable 
industry  in  this  area. 

The  composition  of  these  stoneware  clays  is  shown  by 
the  following  Survey  analyses : 
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Snyder.     Wellschance     Tablerat 

Tablers  Station 

Silica     70.41  60.23  56.83 

Alumina    10.20  18.98  21.78 

Ferric  iron 7.11  6 .  07  (  .  ^ 

Ferrous  iron 0.45  0 .  39  \ 

Magnesium   oxide 0.58  0 .  86  1.04 

Lime   oxide 0.50  0.56  0.90 

Sodium  oxide 0.37  0.53  0.35 

Potassium   oxide 1.73  3.06  1.58 

Water 1.82  2.37  5.44 

Loss  on  ignition 5.05  6.28  8.21 

Physical  tests  were  made  on  the  Snyder  clay  which  gave 
an  air  shrinkage  of  5  per  cent.,  tensile  strength,  151  pounds  to 
the  square  inch,  or  when  weathered  reaches  170  pounds.  The 
clay  is  nearly  steel  hard  at  cone  05  (1922°  F.),  reaches  incipi- 
ent vitrification  at  cone  1  (2102°  F.),  and  is  completely  vitri- 
fied at  cone  5  (2246°  F.),  with  a  fire  shrinkage  of  10  per  cent. 
In  the  above  discussion  of  the  Martinsburg  Shales,  only 
one  operating  larg'e  plant  and  one  small  one  were  in  operation, 
and  only  two  other  tracts  were  discussed  because  these  were 
the  only  places  where  data  on  actual  tests  were  available. 
With  the  large  area  of  outcrop  of  these  shales  and  near  rail- 
roads, in  fact,  many  of  the  railroad  cuts  are  through  this  shale, 
there  are  doubtless  many  good  locations  where  the  shales 
would  test  out  equally  well. 

In  Morgan  and  Berkeley  Counties  is  the  great  deposit  of 
Devonian  Shales  described  in  the  Chapters  on  these  forma- 
tions. Some  of  these  are  adapted  to  brick  manufacture.  It 
would  require  careful  tests  to  prove  the  different  locations 
best  suited  to  this  work,  but  a  study  of  the  chemical  analyses 
of  these  shales  gives  much  encouragement  as  to  their  value. 
These  Devonian  Shales  are  now  in  use  at  the  large  brick  plants 
at  Cumberland  and  Hancock,  Maryland,  where  building  and 
paving-brick  are  made.  The  successful  growth  of  these  plants 
in  recent  years  is  proof  of  the  value  of  these  shales. 

The  Devonian  Shales  outcrop  along  the  Baltimore  and 
Ohio  Railroad  from  Hancock  cast  to  near  North  Mountain 
Station.  Analyses  were  made  of  this  group  of  shales  in  the 
Hamilton  division,  as  found  near  Cherry  Run  town,  and  on  the 
low-grade  railroad  line  to  the  north  of  North  Mountain.  The 
Composition  is  as  follows  in  the  first  two  analyses: 


PLATE    XXXV. — Tomstown    Limestone    with    Crevices    from    which 
Iron  Ore  has  been  Removed  at  Orebanks,  One  Mile  East  of  Bakerton. 


17.19 

16.58 

.  7.05 

3.52 

1.36 

4.76 

0.58 

0.65 

1.01 

1.70 

2.78 

2.78 

0.57 

1.09 

0.56 

0.36 

0.61 

0.45 

0.02 

0.04 

0.20 

0.22 

5.36 

4.36 
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North  Mountain.     Cherry  Run. 

Silica    62.18  62.78 

Alumina    

Ferric  iron 

Ferrous  iron 

Lime  oxide 

Magnesium   oxide 

Potassium   oxide 

Sodium  oxide 

Water 

Titanium  oxide 

Manganese  oxide 

Phosphoric   acid 

Loss  on  ignition 

99.47  99.29 

There  are  large  areas  of  a  very  red  shale  in  the  Catskill 
Formation  which  outcrops  around  the  mountain  borders  in 
Morgan  County.  In  many  places  these  shales  are  very  sandy, 
grading  into  sandstones,  but  there  are  deposits  of  large  size 
of  a  very  good  clay  shale  which  will  burn  to  a  good  grade  of 
building  brick  and  tile,  and  some  of  the  shales  are  adapted  to 
the  manufacture  of  paving-brick.  A  test  on  this  shale  is  given 
in  the  next  section. 

TESTS  ON   BRICK  SHALES  IN   EASTERN   PANHANDLE  AREA. 

Nineteen  samples  of  shales  and  two  of  clays  were  taken 
from  representative  outcrops  near  railroad  lines  in  Morgan, 
Berkeley,  and  Jefferson  Counties,  and  sent  to  the  U.  S.  Bureau 
of  Standards  laboratory  at  Pittsburgh,  where  they  were  care- 
fully tested  with  the  results  given  below.  These  tests  show 
the  great  possibilities  for  clay  industries  in  this  eastern  sec- 
tion of  the  State. 

The  methods  used  in  making  these  tests  are  described  as 
follows  by  this  Bureau  : 

Each  sample  as  received  was  ground  in  a  Stevenson  dry 
pan  and  screened  through  a  ten-mesh  sieve.  A  portion  of  the 
sample  was  tempered  with  water  and  wedged  on  a  marble  slab 
until  it  acquired  stiff-mud  consistency.  Twenty-four  briquettes, 
2"  x  \y%"  x  y%" ,  were  molded  from  each  clay  by  pressing  in 
the  stiff-mud  condition  on  a  hand  repress  machine,  the  test 
pieces   being   numbered    consecutively,    A,    B,    C,    etc.      Test 
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pieces  Nos.  1,  2,  3,  and  4  from  each  batch  were  weighed  in  the 
moist  state  and  after  drying,  and  the  plasticity  was  then  cal- 
culated in  terms  of  the  dry  weight  of  the  clay.  Linear  mea- 
surements were  also  made  on  test  pieces  Nos.  1,  2,  3,  and  4, 
and  the  linear  drying  shrinkage  determined  in  terms  of  the 
wet  length  of  the  briquettes. 

Drying  Treatment. — The  series  of  briquettes  were  allowed 
to  dry  at  room  temperatures  until  they  acquired  leather-hard 
consistency,  the  final  drying  being  in  an  electrically  heated 
drying  oven  at  75°  and  110°  C. 

Burning. — The  test  pieces  were  placed  in  a  down-draft  test 
kiln  fired  with  natural  gas  in  a  manner  such  that  trials  from 
each  shale  could  be  drawn  from  the  kiln  at  different  temper- 
ature intervals.  Two  burns  were  made  on  the  21  samples. 
The  kiln  temperature  was  increased  at  the  rate  of  30°  C.  per 
hour  after  800°  C,  the  duration  of  burning  being  48  hours  for 
each  set  of  trials. 

Porosity  Determinations. — The  porosities  of  the  bri- 
quettes burned  to  the  different  temperatures  were  determined 
by  the  use  of  the  formula : 

W-D 

x  100  =  per  cent,  porosity, 

W-S 

in  which  W  =  the  weight  of  the  briquette  saturated  with 
water,  D  =  the  dry  weight  of  the  briquette,  and  S  =  the  sus- 
pended weight  of  the  briquette.  Before  determining  the  wet 
weights,  the  pieces  were  boiled  two  hours  in  water  in  a  vac- 
uum. The  data  obtained  from  the  porosity  and  shrinkage 
measurements  and  general  observations  as  to  the  nature  of  the 
clays  are  given  below.  The  temperature  range  of  a  material 
is  obtained  from  the  porosity  data  by  considering  a  porosity 
of  6  per  cent,  to  be  that  of  ordinary  commercial  vitrification. 
A  porosity  between  6  and  12  per  cent,  may  be  taken  as  rep- 
resenting the  commercial  range  of  the  average  shale.  If  be- 
tween these  porosities  the  temperature  difference  is  consid- 
erable, the  material  lias  a  good  range. 

From  a  study  of  these  tests  the  Bureau  gives  the  follow- 
ing summary : 
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"From  an  examination  of  the  data  and  observations,  it  will  be 
noted  that  most  of  the  shales  are  suitable  for  the  manufacture  of 
building-  brick,  and  that  an  appreciable  number  have  properties  which 
are  favorable  to  the  production  of  paving  brick." 

Tests  on  Morgan  County  Shales. 

The  Clinton  Shales  in  Morgan  County  are  buff  in  color, 
fine  and  flaky  in  texture,  and  break  with  smooth  fracture. 
They  outcrop  in  long  narrow  bands  on  both  sides  of  Cacapon 
Mountain  and  they  are  also  exposed  by  erosion  on  the  summit 
of  this  mountain.  A  long  area  of  good  width  is  exposed  along 
the  Baltimore  and  Ohio  Railroad  east  of  Great  Cacapon  Sta- 
tion. A  hundred-pound  sample  of  this  shale  was  taken  on  the 
mountain  road  on  the  west  slope,  a  quarter  mile  south  of  the 
railroad.  The  results  of  the  tests  at  the  U.  S.  Bureau  of 
Standards  laboratory  on  this  sample  are  given  below  under 
the  heading  of  Great  Cacapon. 

On  the  east  foot  of  Cacapon  Mountain  the  Clinton  again 
outcrops  bending  around  the  north  end  of  the  mountain  and 
there  uniting  with  the  west  belt  to  form  a  broad  outcrop  which 
extends  north  to  Sir  Johns  Run  and  beyond.  A  sample  of  the 
shale  was  taken  on  the  county  road  where  it  bends  around  the 
"Devils  Nose",  three-fourths  mile  south  of  Sir  Johns  Run  Sta- 
tion, and  the  tests  are  given  under  the  heading  of  Sir  Johns 
Run.  Both  shales  burn  red  in  color  and  have  fair  plasticity 
and  working  properties,  with  satisfactory  drying  behavior. 

The  water  of  plasticity  in  percentage  of  dry  weight  in 
the  Great  Cacapon  shale  is  18.48;  and  in  the  Sir  Johns  Run, 
22.36.  The  linear  drying  shrinkage  in  per  cent,  of  dry  length 
in  the  former  is  1.85;  and  in  the  latter,  2.37.  The  linear  burn- 
ing shrinkage  in  terms  of  dry  length  is  as  follows : 

°C.  Great  Cacapon.  Sir  Johns  Run. 

1000  O.05  1.58 

1090  3.68  4.08 

1180  6.88  5.70 

The  percentage  of  porosity  at  the  different  temperatures 
is  given  in  the  following  table : 


Great  Cacapon. 

Sir  Johns  Run 

33.00 

31.50 

27.88 

29.10 

27.55 

27.10 

23.92 

24.35 

18.37 

22.52 

14.45 

19.95 

10.04 

17.46 

7.56 

14.91 

5.70 

13.86 

4.19 

13.25 

11.52 
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°C. 

900     

950    

1000     

1030     

1060     

1090     

1120     

1150     

1180     

1210    

1240     

1270     

The  Bureau  makes  the  following  remarks  on  the  Great 
Cacapon  shales : 

A  red  burning  shale  having  working  and  drying  behavior  suitable 
for  the  manufacture  by  the  stiff  mud  process.  The  vitrification  be- 
havior is  good  and  the  material  is  a  promising  one  for  the  manufacture 
of  paving  brick,  etc." 

The  Sir  Johns  Run  sample  is,  "a  red  burning  shale  of  low 
plasticity,  although  it  may  be  worked  on  an  auger  machine. 
The  material  is  suitable  for  the  manufacture  of  porous  build- 
ing brick.  The  shale  is  not  promising  for  paving  brick  on  ac- 
count of  the  high  temperatures  necessary  for  low  porosities." 

Four  samples  of  Hamilton  (Devonian)  Shales  were  se- 
lected from  Morgan  County  for  tests  ;  one  near  fork  of  roads 
to  Woodmont,  a  half  mile  south  of  Great  Cacapon  Station ; 
one  from  the  street  excavation  on  the  first  road  east  of  the 
Main  Street  in  the  town  of  Berkeley  Springs ;  one  from  the 
south  edge  of  the  town  of  Cherry  Run ;  one  of  the  shale  gravel 
due  to  the  prolonged  weathering  of  the  shale  at  the  east  edge 
of  this  town,  and  just  south  of  the  Baltimore  and  Ohio  Rail- 
road. 

The  plasticity  of  the  four  shale  samples  was  low  except 
the  shale  gravel  formed  by  weathering.  All  showed  satisfactory 
drying  behavior  and  all  burned  to  a  red  color.  The  water  of 
plasticity  in  per  cent,  of  dry  weight  was  in  the  Great  Cacapon 
sample,  18.37;  Berkeley  Springs,  15.14;  Cherry  Run,  14.55; 
shale  gravel,  IS. 5o.  The  linear  shrinkage  in  per  cent,  of  dry 
length  was,  Great  ("acapon,  2.25;  Berkeley  Springs,  1.44; 
Cherry  Run,  1.64;  shale  -ravel,  2.48. 
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The  linear  burning  shrinkage  in  terms  of  dry  length  was : 


Great 

Berkeley 

Cherry 

Shale 

°c. 

Cacapon. 

Springs. 

Run. 

Gravel. 

950  .. 

0.45 

0.15  (expansion) 

1000  .. 

1.47 

0.55 

1060  .. 

3.18 

2.38 

1090  . . 

3.81 

4.64 

1150  .. 

1.97 

2.38  (expansion) 

1180  .. 

5.43 

5.00 

1240  .  . 

3.56  (expansion) 

The  percentage  of  porosity  at  the  different  temperatures 


was, 


Great 

Berkeley 

Cherry 

Shale 

°c. 

Cacapon. 

Springs. 

Run. 

Gravel. 

900    . 

...    29.68 

27 .  10 

25.20 

950    . 

. ..    28.57 

25.39 

24.45 

31.85 

1000    . 

...    26.30 

21.38 

21.52 

31.10 

1030    . 

.  ..   24.32 

17.92 

17.55 

28.95 

1060    . 

. ..   20.81 

15.10 

13.81 

25.38 

1090    . 

. ..    18.12 

12.58 

10.55 

18.95 

1120    . 

.  ..    13.95 

9.45 

7.30 

14.55 

1150    . 

.  . .    10.68 

8.16 

6.54 

9.07 

1180    . 

...      8.22 

8.40 

Overburned 

6.22 

1210    . 

. ..      5.47 

2.98 

1240    . 

. ..      4.52 

Overburned 

4.59 

1270   . 

. ..      3.57 

Overburned 

From  a  study  of  these  tests  on  Hamilton  Shales,  the 
Bureau  reached  the  following  conclusions :  The  Great  Ca- 
capon material  is  "a  red  burning  shale  of  somewhat  low  plas- 
ticity, although  it  may  be  worked  on  an  auger  machine.  The 
vitrification  behavior  is  excellent  and  the  material  is  a  very 
promising  one  for  the  manufacture  of  building  and  paving 
brick." 

The  Berkeley  Springs  sample  is  "a  red  burning  shale  of 
low  plasticity,  although  it  may  be  worked  in  an  auger  ma- 
chine. The  vitrification  behavior  is  suitable  for  building 
brick.  The  material  is  not  a  promising  one  for  paving  brick 
on  account  of  the  tendency  to  overburn  before  attaining  a 
low  porosity." 

The  Cherry  Run  Shale  is  "a  red  burning  shale  of  low  plas- 
ticity and  bonding  power.  Difficulties  would  be  encountered 
in  working  on  auger  machine.     The  material  is  not  promising 
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for  the  manufacture  of  building  and  paving  brick  on  account 
of  the  short  vitrification  and  expansion  in  burning." 

The  weathered  shale  or  shale-gravel  at  Cherry  Run  is  "a 
red  burning  shale  having  good  plasticity  and  working  proper- 
ties. The  vitrification  behavior  appears  favorable  to  the  manu- 
facture of  building  brick,  although  the  range  is  somewhat 
short  for  paving  brick." 

A  sample  of  the  Chemung  Shales  (Devonian)  was  taken 
just  south  of  Woodmont  Station  on  the  east  side  of  a  narrow 
ravine  and  in  a  recent,  deep  roadside  cut.  The  tests  show 
this  yellow  shale  to  be  low  in  plasticity ;  water  of  plasticity  in 
proportion  to  dry  weight,  15.96  per  cent. ;  linear  drying  shrink- 
age, 1.35  per  cent. ;  and  the  shale  burns  to  red  color.  The 
linear  burning  shrinkage  in  terms  of  dry  length  was : 

°C.  Percent. 

1000  0.70 

1090  2.06 

1180  2.52 

1240  2.76 

The  percentage  of  porosity  at  the .  different  temperatures 
was : 

°C.                                 Percent.  °C.  Percent. 

900  27.70  1120    IS. 98 

950  27.20  1150    17.75 

1000  25.57  1180    16.41 

1030  24.55  1210    13.95 

1060  22.25  1240    11.92 

1090  21.20  1270    9.30 

The  Bureau  comments  on  these  tests  as  follows.  "A  red 
burning  shale  of  somewhat  low  plasticity.  The  material  is 
suitable  for  building  brick.  In  the  manufacture  of  paving- 
brick,  it  would  be  necessary  to  burn  this  shale  to  a  higher  tem- 
perature than  ordinarily  is  attained  in  paving-brick  kilns  in 
order  to  attain  a  low  porosity." 

Two  samples  of  the  bright-red  Catskill  Shales  were  tested. 
One  sample  was  taken  a  half  mile  southwest  of  Woodmont 
Station  ;  and  the  other  was  taken  one  mile  easl  of  Sleepy  Creek 
Station  on  the  county  road  to  Cherry  Run  near  fork  to  south, 
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and  about  half  mile  south  of  the  Baltimore  and  Ohio  Railroad. 
The  second  locality  is  about  18  miles  east  of  the  first. 

The  water  of  plasticity  required  in  the  Woodmont  sample 
is  17.70  per  cent. ;  and  at  Sleepy  Creek,  18.34  per  cent.  The 
linear  drying  shrinkage  in  the  former  is  1.85  per  cent.,  and  in 
the  latter,  2.08  per  cent.  The  linear  burning  shrinkage  in  per 
cent,  of  dry  length  was, 

°C.  Woodmont.     Sleepy  Creek. 

1000  0-61         0.34 

1090  2.54         4.88 

1180  4.84         7.19 

1240  ...: 4-84        

The  percentage  of  porosity  at  the  different  temperatures 


was, 

°C.  Woodmont.     Sleepy  Creek. 

900  28.10                    

950  27.40  27.58 

1000  26.10  26.45 

1030  24.68  21.93 

1060  22.64  18.60 

1090  19.77  13.50 

1120  17.51  7.89 

1150  15.25  5.32 

1180  11.28  4.49 

1210  8.02  5.41 

1240  6.61  Overturned 

1270  Overturned 


The  Bureau  makes  the  following  remarks  on  these  two 
shales  :  The  Woodmont  sample  is  "a  red  burning  shale  of  low 
plasticity,  although  it  may  be  worked  on  an  auger  machine. 
The  material  is  suitable  for  building  brick  manufacture. 
The  vitrification  range  is  not  favorable  for  paving-brick,  on 
account  of  the  relatively  high  temperature  at  which  a  low 
porosity  is  attained." 

In  the  Sleepy  Creek  sample,  "the  plasticity  and  working 
behavior  of  this  shale  is  favorable  to  the  manufacture  by  the 
stiff-mud  process  on  an  auger  machine.  The  vitrification  be- 
havior is  good  and  the  material  is  a  promising  one  for  the 
manufacture  of  paving  and  building  brick." 
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Tests  on  Berkeley  County  Shales. 

The  Hamilton  Shales  form  a  broad  outcrop  in  the  western 
and  northwestern  portions  of  Berkeley  County.  The  Balti- 
more and  Ohio  Railroad  cuts  through  these  shales  from  Cherry 
Run  to  the  North  Mountain.  A  sample  of  this  shale  was  taken 
near  the  west  end  of  the  deep  railroad  cut,  one  and  a  half 
miles  north  of  North  Mountain  Station,  and  west  of  the  con- 
tact with  the  Martinsburg  Shale. 

The  tests  show  this  shale  to  be  somewhat  low  in  plas- 
ticity, with  water  of  plasticity  percentage,  18.14.  The  linear 
drying  shrinkage  in  per  cent,  of  dry  length  was  1.67.  The 
linear  burning  shrinkage  in  terms  of  dry  length  was : 

CC.  Percent. 

950  0 .  40 

1060  2.66 

1150  4 .  43 

The  per  cent,  of  porosity  at  the  different  temperatures 
was : 

°C.  Percent.  °C.                                   Percent. 

900     29.20  1120  9.24 

950     28.45  1150  7.34 

1000    25.75  1180'  6.23 

1030     21.08  1210  2.30 

1060    16 .  54  1240  Overturned 

1090    13.50 

The  Bureau  concludes  from  these  tests  that  this  sample  is 
"a  red  burning  shale  of  somewhat  low  plasticity,  although  it 
may  be  worked  on  a  stiff-mud  auger  machine.  The  material 
is  suitable  for  building-brick  manufacture.  The  vitrification 
behavior  appears  favorable  for  paving-brick  manufacture." 

The  most  important  group  of  shales  in  Berkeley  County 
is  the  Martinsburg  Shale,  which  forms  a  rather  narrow  bell 
along  the  east  foot  of  the  North  Mountain,  and  a  broad  bell 
e  tending  from  the  Potomac  River  southward  across  the 
County  to  the  cast  of  Martinsburg.  This  shale  is  crossed  by 
both  the  Baltimore  and  Ohio  and  Cumberland  Valley  Rail- 
roads, and  the  numerous  deep  cuts  on  these  roads  show  its 
extenl  and  structure. 
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The  only  brick  plant  now  in  operation  in  the  three  coun- 
ties is  located  on  the  North  Mountain  Shale  belt,  three- 
fourths  mile  north  of  North  Mountain  Station,  and  at  the  side 
of  the  Main  Line  of  the  Baltimore  and  Ohio  Railroad.  This 
shale  and  plant  are  described  in  detail  in  a  preceding"  section 
of  the  present  Chapter. 

For  the  tests,  a  sample  of  this  shale  was  taken  from  the 
large  open  pit  east  of  the  county  road  and  near  the  plant.  The 
second  sample  was  taken  from  the  new  pit  west  of  the  road 
and  reached  by  a  tunnel  driven  under  the  road.  The  water 
of  plasticity  in  per  cent,  of  dry  weight  in  the  shale  east  of  the 
road  was  25.31 ;  and  west  of  the  road,  27.77.  The  linear  drying 
shrinkage  in  per  cent,  of  dry  length  is  4.02,  east  of  the  road, 
and  4.17,  west  of  the  road.  The  per  cent,  of  linear  burning 
shrinkage  in  terms  of  dry  length  was, 

°C.  East  of  Road.  West  of  Road. 

1000 0.83         1.40 

1090  6.51         5.82 

1180  8.04         8.42 

1240  4.57         5.34 

The  per  cent,  of  porosity  at  the  different  temperatures 
was: 

°C.  East  of  Road.     West  of  Road. 

900  36.92  36.39 

950  36.60  36.10 

1000  35.35  35.22 

1030  32.20  31.45 

1060  27.19  27.95 

1090  19.15  19.08 

1120  10.86  12.78 

1150  5.16  8.17 

1180  5.13  8.34 

1210  4.96  5.79 

1240  8.94  6.33 

1270  Overburned       Overburned 

The  Bureau  concludes  from  these  tests  that  both  samples 
represent,  "a  red  burning  shale  having  good  working  and  dry- 
ing properties.  The  vitrification  appears  favorable  to  the 
manufacture  of  paving-brick.  Any  excessive  lamination  of 
this  shale  in  manufacture  could  probably  be  avoided  by 
changes  in  grinding  methods  and  die  construction." 
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In  the  northern  edg'e  of  the  city  of  Martinsburg  is  the 
Buxton  Brick  Works,  which  for  nearly  twenty  years  has  been 
supplying  the  local  trade,  but  the  plant  has  been  idle  for  the 
past  few  years.  A  sample  of  the  shale  was  taken  from  the 
large  open  pits  in  front  of  the  plant,  and  another  was  taken  of 
the  prismatic  weathered  shale  bank  close  to  the  plant. 

The  water  of  plasticity  in  per  cent,  of  dry  weight  of  the 
shale  from  the  open  pits  was  23.86;  and  from  the  bank  at  the 
plant,  18.07.  The  linear  drying  shrinkage  in  per  cent,  of  dry 
length  of  the  former  was  4.01 ;  and  of  the  latter,  1.98.  The 
linear  burning  shrinkage  in  terms  of  dry  length  was, 

C.  Open  Pit. 

950  0.72 

1060  6.75 

1150  7.60 

1210  0.72 

The  per  cent,  of  porosity  at  the  different  temperatures: 
was: 

C.  Open  Pit.  Bank  at  Plant. 

900    34.12  28.79 

950    32.50  27.60 

1000    27.05  21.90 

1030    19.95  17.14 

1060    13.68  12.49 

1090    8.35  9.06 

1120    3.79  6.38 

1150    3.19  5.54 

1180    2.53  7.60 

1210   8.10  Overburned. 

The  Bureau  reached  the  following  conclusions  from  these 
tests.  The  shale  from  the  open  pits  and  used  at  the  plant  is, 
"A  red  burning  shale  having  good  plasticity  and  working  be- 
havior. The  vitrification  behavior  is  excellent  and  the  ma- 
terial is  a  promising  one  for  the  manufacture  of  building  or 
paving  brick." 

The  shale  bank  close  to  the  plant  is  fairly  solid  outcrop, 
much  less  weathered  than  in  the  open  pits  and  its  texture  is 
quite  different.  M  is,  "a  red  burning  shale  of  somewhat  low 
plasticity,  although  it  may  be  worked  on  a  stiff-mud  auger 
machine.     The  material  is  suitable  For  building  brick.     The 
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vitrification  range  is  somewhat  short  for  a  paving-brick  ma- 
terial." 

Another  sample  of  the  Martinsburg  Shale  was  taken  on 
the  lands  of  the  Berkeley  town-site  company,  four  miles  north 
of  Martinsburg,  east  of  the  Cumberland  Valley  Railroad. 

A  sample  of  this  shale  was  also  taken  on  the  lands  of  the 
National  Limestone  Company,  two  miles  southeast  of  Martins- 
burg, near  Evans  Run,  and  east  of  the  Sulphur  Springs  county 
road. 

The  water  of  plasticity  in  per  cent,  of  dry  weight  in  the 
Berkeley  sample  was  28.70;  and  in  the  National  sample,  20.14. 
The  linear  drying  shrinkage  in  per  cent,  of  dry  length  in  the 
former  was  4.40;  and  in  the  latter,  1.25.  The  linear  burning 
shrinkage  in  terms  of  dry  length  was, 

°C.  Berkeley.  National. 

950  0.98  

1000  1.68 

1060  8.06  

1090  5.62 

1150  10.10 

1180  5.33 

1210  5.23  .... 

1240    1 .  43   (Expansion) 

The  per  cent,  of  porosity  at  the  different  temperatures  was  : 

°C.                               .  Berkeley.  National. 

900 33.90  

950    33.28  33.50 

1000    27.30  31.68 

1030    20.85  27.25 

1060    12.34  23.88 

1090    6.49  15.25 

1120    3.13                  9.93 

1150    2 .  63                  7 .  08 

1180    1.79                  6.48 

1210    - 3.88  

T240   Overburned  5.63 

The  Bureau  concludes  from  the  tests  on  the  Berkeley  sam- 
ple that  it  is,  "a  red  burning  shale,  of  good  plasticity  and  work- 
ing properties.  The  material  is  suitable  for  the  manufacture 
of  building  brick.  The  extremely  low  porosity  attained  and 
the  high  drying  shrinkage  are  unfavorable  to  the  manufacture 
of  paving  brick  on  account  of  the  brittle  structure  resulting." 
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The  National  sample  is,  "a  red  burning  shale  of  somewhat 
low  plasticity,  although  workable  by  the  stiff-mud  process  on 
an  auger  machine.  The  vitrification  behavior  appears  fa- 
vorable to  the  manufacture  of  building  brick,  paving  brick, 
etc." 

Two  samples  of  the  Martinsburg  Shale  were  taken  on  the 
Houck  farm  just  north  of  the  Main  Line  of  the  Baltimore  and 
Ohio  Railroad,  and  west  of  Opequon  Creek,  or  about  two  miles 
east  of  Martinsburg.  One  sample  was  of  the  surface  weath- 
ered, smooth,  blocky,  yellow  shale,  and  the  other  was  obtained 
from  a  pit  sunk  some  distance  below  the  surface. 

The  water  of  plasticity  in  per  cent,  of  dry  weight  in  the  pit 
sample  was  16.69;  and  in  the  surface  shale,  25.54.  The  linear 
drying  shrinkage  in  per  cent,  of  dry  length  in  the  former  wa„ 
2.26;  and  in  the  latter,  2.28.  The  per  cent,  of  linear  burning 
shrinkage  in  terms  of  dry  length  was, 

"C.  Pit.  Surface  Shale. 

950  1.93  0.15 

1060 5.09  5.52 

1150  4.72  8.81 

The  per  cent,  of  porosity  at  the  different  temperatures 
was : 

°C.  Pit.  Surface  Shale. 

900  28.41  34.73 

950  25.75  33.75 

1000  21.12  29.10 

1030  15.75  24.60 

1060  8.60  17.76 

L090  6.27  12.71 

1120  4.45  6.76 

1160  3.53  5.33 

1180  4.54  3.89 

L210  3.23  

0  2.89  2.13 

L270  Overburned  1.79 

The  Bureau  concludes  from  these  tests  on  both  samples 

thai  thi    outi  rop  on  surface  and  in  deeper  excavation  is.  "a  red 

burning  shale  having  good  working  and  drying  beha"\  ior.     The 

an  excellenl    vitrification  behavior,  and   is  vm 

promising  for  the  manufacture  of  building  brick  and  pavers." 


WEST    VIRGINIA    GEOLOGICAL    SURVEY.  557 

Near  Tablers  Station  on  the  Cumberland  Valley  Railroad, 
four  miles  south  of  Martinsburg,  is  a  large  deposit  of  pottery 
clay  on  the  Tabler  farm  that  should  have  a  value  for  stoneware 
manufacture.  Similar  clays  are  found  at  a  number  of  places 
in  the  Martinsburg  District,  and  some  of  the  clays  were  used 
for  this  ware  many  years  ago.  In  order  to  determine  the  real 
value  of  these  clays,  they  should  be  tested  at  some  pottery 
plant. 

A  sample  of  the  Tabler  clay  was  tested,  and  its  behavior 
under  fire  noted.  While  the  results  are  not  as  favorable  as 
hoped  for,  the  sample  was  from  the  surface,  and  deeper  pits 
would  doubtless  show  an  improvement  in  quality.  This  is 
a  very  plastic  clay  with  per  cent,  of  water  of  plasticy,  34.64. 
The  sample  had  a  high  drying  shrinkage  of  11.31  per  cent, 
which  caused  cracking.  The  linear  burning  shrinkage  in  per 
cent,  of  dry  length  was : 

°C.  Percent. 

1000   5.75 

1090    7.10 

1180    6 .  52 

The  clay  burns  to  a  reddish-buff  color,  the  iron  percentage 
being  only  about  one-half  that  in  the  Martinsburg  Shale. 
The  per  cent,  of  porosity  at  the  different  temperatures  was : 

Per  cent. 

1.58 

1.91 

1.86 

6.53 

1240    Over-burned 


°c. 

Per  cent. 

°C. 

900  

12.75 

1120 

950  

9.12 

1150 

1000  

2.57 

1180 

1030  

2.01 

1210 

1060  

1090  

1.76 

2.20 

1240 

The  Bureau  concludes  this  is,  "an  excessively  plastic  clay, 
having  a  high  drying  shrinkage  which  causes  cracking  during 
drying.  The  material  is  not  suitable  for  building  or  paving 
brick.  The  material  vitrifies  to  a  very  dense  structure  and 
might  be  used  in  the  manufacture  of  vitrified  ware  of  the  stone- 
ware class,  although  the  burned  color  is  inferior  to  that  of  the 
stoneware  clays,  and  difficulties  from  lamination  and  drying 
cracks  would  be  encountered." 
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Tests  on  Jefferson  County  Clays. 

The  Martinsburg  Shales  outcrop  in  the  southwestern  por- 
tion of  Jefferson  County,  and  are  there  probably  similar  to 
those  in  Berkeley,  but  they  are  not  accessible  to  the  railroad. 
Over  the  limestones  of  the  county  are  heavy  deposits  of  resid- 
ual red  clays  that  have  been  used  in  past  years  for  brick 
manufacture  at  small  plants  at  Shepherdstown  and  Charles- 
town.  These  plants  have  been  abandoned  and  dismantled, 
except  one  at  Charlestown, — the  Valley  Brick  Company,  at 
the  north  edge  of  town, — which  is  fully  equipped  with  modern 
machinery  and  made  a  common  building  brick  for  local  use. 
The  plant  has  been  idle  for  two  years,  but  plans  are  under  way 
to  renew  the  operation. 

Two  samples  of  the  red  clay  used  at  this  plant  were  taken 
from  two  places  in  the  large  pit  which  is  worked  down  to  the 
limestone  (Elbrook),  and  they  were  numbered  1  and  2.  The 
clay  is  very  plastic  and  the  water  of  plasticity  in  per  cent,  of 
dry  weight  in  No.  1  was  31.39;  and  in  No.  2,  33.75.  The  lin- 
ear drying  shrinkage  in  per  cent,  of  dry  length  in  the  former 
was  7.84 ;  and  in  the  latter,  8.97.  The  high  shrinkage  involves 
difficulty  in  cracking  in  the  process  of  manufacture.  The  lin- 
ear drying  shrinkage  in  per  cent,  of  dry  length  was : 

°C.  No.   1.  No.  2. 

950  2.50                    1.57 

1060  12.25                    8.54 

1150  8.58                    0.00 

The  per  cent,  of  porosity  at  the  different  temperatures 
was: 

C.  No.   1.  No.  2. 

900  34.80  33.85 

950  33.42  32.42 

1000  16.82  25.65 

LO30  7.07  16.86 

L0'60  3.47                   9.65 

m. hi  1.91                    7.09 

L120  1.94  2.49 

L150  1  .25  1  .1)0 

I  1X0  7.K5  0.9X 

L210  Over!  turned  ()\  rrlnirni'il 
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The  Bureau  concludes  from  these  tests  that  this  is,  "a  red 
burning  clay  having  excessive  plasticity  and  drying  shrinkage 
and  a  short  vitrification  range.  The  properties  are  not  favor- 
able to  the  manufacture  of  building  brick  of  high  grade.  In 
No.  1,  a  lower  porosity  is  attained  at  a  lower  temperature." 

ROAD  MATERIALS. 

In  the  Eastern  Panhandle  Area  of  West  Virginia,  there  is 
an  abundant  supply  of  good  rock  for  the  building  and  improve- 
ment of  the  county  roads.  This  rock  is  well  distributed  over 
the  area,  so  that  quarries  can  be  opened  convenient  to  the  roads 
over  the  greater  portion  of  the  counties  thereby  lowering  the 
cost.  Nature  has  certainly  done  her  part  in  the  supply  and 
convenience  of  good-roads  materials  in  this  section,  but  this 
supply  has  not  been  used  to  the  extent  necessary  over  the  en- 
tire area.  There  appears  to  be  a  progression  eastward  in  the 
growth  and  development  of  good  roads.  The  Morgan  County 
roads,  while  being  improved  each  year,  are  far  from  what  they 
should  be.  Berkeley  County  has  better  roads,  while  Jefferson 
is  the  best  good-roads  county  in  the  State. 

In  Morgan  County  there  are  available  for  roads  the  hard 
sandstones  of  the  Medina  on  and  near  Cacapon  Mountain. 
The  hard  Keefer  quartzite  sandstone  in  the  Sir  Johns  Run 
Valley,  and  the  Carboniferous  hard  sandstones  of  Purslane- 
Sideling  Hill  and  Meadow  Branch  Mountains  could  be  used 
to  advantage  in  those  areas.  In  the  Devonian  Shales  are  hard 
greenish  sandstones  and  the  Parkhead  brown  sandstones  and 
conglomerates  should  prove  serviceable.  The  Oriskany  and 
the  Catskill  Sandstones  are  too  crumbly  and  would  soon  form 
sand  on  roads. 

The  sandstones  are  usually  very  hard,  so  somewhat  ex- 
pensive to  crush,  but  in  a  number  of  places  in  Morgan  County 
are  good  beds  of  limestone  that  are  most  valuable  road  mate- 
rial. These  limestones  have  been  used  in  this  county  to  a 
very  limited  extent.  One  limestone  ballast  plant  is  in  opera- 
tion near  Berkeley  Springs,  and  its  sales  only  permit  it  to  run 
on  a  small  scale  a  portion  of  the  time.     This  plant  should  be 
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operated  eight  to  nine  months  a  year  at  its  fullest  capacity 
for  use  entirely  on  county  roads  of  this  portion  of  the  county. 
The  investment  would  be  most  profitable  to  the  people  of  Mor 
gan  County  whose  roads  should  equal  those  of  Maryland. 

This  belt  of  Helderburg  Limestone,  quarried  at  this  one 
place  at  the  north  and  for  a  small  lime  plant  in  the  southern 
part  of  the  county,  follows  along  the  west  upper  slope  of  Warm 
Spring  Ridge  the  length  of  the  county.  It  could  be  opened  ai 
various  places  along  the  Ridge,  and  there  should  be  a  model 
macadamized  road  the  full  length  of  the  Warm  Spring  Valley, 
with  branches  east  to  the  Sleepy  Creek  Valleys.  In  this  large 
southern  area  of  Morgan  County  are  rich  farming  and  fruit 
lands  with  nearest  railroad  shipment  point  at  Berkeley  Springs, 
10  to  18  miles  distant,  over  roads  that  in  bad  weather  are  at 
many  points  impassable  for  loads.  A  good  rock  roadway 
through  this  valley  would  result  in  production  of  greater  crop,., 
in  this  area,  and  would  place  more  land  under'  cultivation. 
The  cost  of  such  a  road  would  soon  be  repaid  by  increased 
production  of  the  area  and  increased  sales  of  products. 

Most  of  the  roads  in  this  area  are  made  of  the  Devonian 
Shales  which  make  beautiful  and  solid  dry  weather  highways. 
They  require  frequent  repairs  or  they  become  full  of  ruts  and 
holes,  and  in  wet  weather  are  very  muddy.  If  kept  in  repair 
they  would  probably  replace  many  of  the  advantages  of  the 
rock  road.  However,  in  this  county,  as  in  most  other  counties, 
when  a  shale  road  is  completed,  future  years'  work  is  de- 
manded in  other  sections  and  the  new  shale  road  is  left  to  shift 
for  itself  for  years  until  it  loses  all  resemblance  to  a  good  road. 
Shale  roads  require  frequent  attention  and  repairs  ;  and  when 
repairs  are  needed,  they  are  not  made.  The  rock  road,  made 
on  scientific  road  principles,  is  costly  in  the  first  instance,  but 
its  upkeep  is  low. 

I  he   crushing  of  rock  and  placing  it  in  heaps  here  and 
there  along  an  old  dirt  road,  with  no  attention  paid  to  drain- 

or  outline  of  the  road,  is  a  very  common  method  in  this 

in  road  improvements.      This  method  is  a  waste  of  rock 

and  money,  and  seldom  results  in  much  permanent  improve- 

menl  in  roads.      The  attempl  to  make  a  wagon  load  of  stone 
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cover  as  long  a  stretch  of  road  as  possible  with  a  thin  layer 
is  another  waste. 

Another  belt  of  Helderberg  Limestone  outcrops  along 
the  east  slope  of  Tonoloway  Ridge  and  would  be  accessible 
at  a  number  of  places  near  roads  which  to-day  are  far  from 
good  roads.  Below  this  good  road  limestone  is  the  Bossard- 
ville  Limestone  in  the  same  areas  as  the  Helderberg.  This 
limestone  breaks  flaggy  and  while  inferior  to  the  more  solid 
limestone  above,  could  be  used  to  advantage  near  its  outcrop. 
In  places  it  is  a  fairly  hard  limestone,  and  with  care  in  selec- 
tion should  prove  valuable.  In  a  later  section,  some  tests 
are  given  on  these  Morgan  County  road  materials  which 
will  show  their  relative  value. 

Berkeley  County  is  richly  endowed  with  road  materials. 
Along  its  mountains  and  ridges  are  the  hard  sandstones  which 
might  find  a  local  use,  and  would  be  especially  valuable  as  a 
substructure  or  foundation  for  limestone  surfaced  roads.  In 
the  Back  Creek  Valley  in  Ferrel  and  Wilson  Ridges  are  out- 
crops of  the  Helderberg  Limestone,  also  the  Bossardville. 
Here  are  outcrops  of  calcareous  sandstone  of  the  Oriskany. 
These  limestones  show  in  good,  solid  outcrops,  convenient 
to  roads,  and  to-day  find  practically  no  use  on  the  roads. 

The  Back  Creek  Valley  is  one  of  the  richest  agricultural 
and  orchard  sections  in  the  county,  separated  by  mountains 
from  the  railroad  points  to  east  and  west  except  at  the  north. 
The  natural  outlet  for  these  products  is  northward  to  Cherry 
Run  Station  or  by  Hedgesville  Gap  to  North  Mountain  Sta- 
tion. Good  stone  macadamized  roads  should  lead  through 
this  rich  valley  to  these  points,  and  the  stone  is  convenient 
for  this  purpose ;  yet  no  such  road  exists  and  shale  roads 
are  the  rule.  These  shale  roads  are  for  the  most  part  kept 
in  a  fair  degree  of  repair  and  they  are  far  better  than  some 
roads  in  other  parts  of  the  county.  With  the  rapid  develop- 
ment of  the  great  orchard  industry  of  this  valley  and  the  lack 
of  a  railroad  line  through  the  valley,  it  would  be  a  wise  and 
most  profitable  investment  to  construct  a  main  road  north 
and  south  by  Glengary,  Shanghai,  Jones  Springs,  Tomahawk, 
to  Hedgesville  and  Cherry  Run,  built  from  this  Helderberg 
Limestone  in  these  ridges.     It  would  be  an  expensive  project 
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in  its  construction,  but  its  low  cost  of  repairs  through  the 
coming  years  would  make  the  cost  in  the  long  run  low. 

East  of  North  Mountain,  Berkeley  County,  is  a  great 
limestone  area  with  the  various  limestones  of  the  Shenan- 
doah Limestone  Group  outcropping  in  nearly  all  parts  and 
near  most  of  the  county  roads.  For  many  years  the  only 
good  roads  in  the  county  were  the  toll  pikes,  and  county 
roads  proper  were  typical  illustrations  of  poor  roads,  far  from 
being  a  credit  to  such  a  rich  county.  In  the  past  few  years 
great  interest  has  been  taken  in  the  subject  of  better  roads 
for  the  county.  The  County  Court  has  been  very  active  in 
this  work.  The  result  has  been  a  remarkable  growth  of 
good  roads.  They  now  have  the  road  from  the  Winchester 
Pike  to  Arden,  the  Shepherdstown  road  from  that  place  to 
the  Baltimore  and  Ohio  Railroad  at  Van  Clevesville,  two 
roads  that  equal  or  surpass  the  toll  pikes.  Work  is  also  be- 
ing done  here  and  there  on  other  roads  in  the  county.  There 
is  thus  a  marked  improvement  in  Berkeley  County  roads, 
with  plenty  of  room  for  further  work.  This  growth  of  im- 
proved roads  in  the  county  is  held  back  by  lack  of  sufficient 
funds,  and  the  County  should  issue  good-roads  bonds  for 
larger  work. 

Berkeley  County  is  exceptionally  favored  in  its  supply 
of  road  materials,  over  other  counties  to  the  west.  With 
portable  crushers,  quarries  could  be  opened  convenient  to  the 
roads  over  the  county  so  that  the  cost  of  transportation  would 
be  very  low.  All  of  these  limestones  can  be  used,  though 
some  are  more  suitable  to  good  roads  than  others.  The  hard, 
more  siliceous  limestones  of  the  series  would  be  better  than 
the  friable  and  brittle  high-grade  rock  of  the  Maftinsburg 
quarries. 

The  broad  belts  of  Conococheague  and  Beekmantown 
Limestones  from  Martinsburg  west  which  extend  the  full 
length  of  the  county  are  valuable  road  materials,  and  they 
have  been  used  al  a  number  of  places  with  good  results.  The 
Chambersburg  Limestones  over  the  high-grade  limestone, 
while  cobbly  on  surface  weathered  outcrops,  arc  in  solid,  hard 
below  the  surface  as  may  be  seen  in  the  small  road- 
side quarries  north  of  Falling  Waters,  and  in  the  small  quarry 
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southwest  of  Van  Clevesville  beyond  the  Van  Metre  School- 
house. 

On  a  number  of  roads  in  Berkeley  County  in  the  Elbrook 
Formation  to  the  south  of  Hedgesville,  and  near  Nollville,  the 
cherts  are  crushed  and  make  a  durable  road  though  the 
cementing  property  is  low  so  that  the  fragments  do  not  bind 
together  in  a  firm  bed.  If  mixed  with  limestone,  there  would 
probably  result  a  much  better  road.  In  the  Back  Creek  Val- 
ley, some  portions  of  the  roads  near  Ferrel  Ridge  are  made 
from  the  hard  cherts  or  flints  found  in  the  Helderberg  and 
Oriskany  Formations.  These  cherts  are  available  over  the 
large  area  of  the  outcrops  especially  of  the  Elbrook  and 
Beekmantown  Formations.  The  fields  on  these  outcrops  are 
dotted  with  large  piles  of  these  cherts.  A  chert  belt  ex- 
tends southwest  from  the  river  crossing  the  roads  east  of 
Prospect  Hill,  Spring  Mills,  etc.,  on  the  south.  These  cherts 
have  been  used  on  a  number  of  the  roads  on  this  belt  and 
have  made  fairly  durable  roads.  The  mixture  of  limestone 
with  the  cherts  could  be  used  in  this  section  to  advantage 
and  the  limestone  outcrops  with  the  cherts. 

In  the  shale  area  of  the  county  east  from  Martinsburg, 
shale  roads  are  the  rule,  but  they  are  not  usually  kept  in  very 
good  repair  and  some  of  them  are  almost  impassable  in  bad 
weather.  Some  of  these  roads  leading  from  Martinsburg  to 
the  Opequon  are  model  shale  roads  and  have  been  kept  in 
very  good  condition.  The  Schoppert  Ford  road  from  North 
Martinsburg  east  to  the  Opequon  has  been  graded  with  deep 
shale  cuts  and  represents  a  very  expensive  road  and  is  one 
of  the  best  shale  roads  in  the  State.  Good  limestone  is  found 
just  across  the  Opequon  and  if  this  road  was  now  macadam- 
ized with  this  stone,  it  would  be  a  great  improvement. 

The  shale  road  from  Martinsburg  southeast  and  lead- 
ing to  Shepherdstown  illustrates  the  difficulty  of  keeping 
shale  roads  in  repair.  This  road  has  heavy  travel  and  wears 
into  a  series  of  rolls  and  hollows,  with  holes  here  and  there. 
These  are  filled  with  shale  and  in  a  short  time  the  trouble  is 
repeated.  The  only  permanent  remedy  is  a  rock  road  through 
this  section  to  the  Opequon.  On  this  same  road  on  the  shale 
hill  west  of  Van  Clevesville,  bad  weather  renders  this  por- 
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tion  of  the  road  very  difficult  to  travel  or  haul  heavy  loads 
across.  In  these  shale  areas  limestone  being-  absent,  the  cost  of 
rock  would  be  greater,  but  on  the  Van  Clevesville  portion  of 
the  road,  good  limestone  outcrops  at  the  top  of  the  ridge  and 
again  at  the  bottom  of  the  hill  near  Van  Clevesville.  Shale 
loads  should  be  carefully  drained,  a  condition  very  often 
overlooked. 

Jefferson  County  is  practically  covered  with  limestone 
and  for  a  long  period  of  years  its  people  have  taken  great 
interest  in  good  roads.  Very  few  roads  in  the  county  are 
dirt  roads  and  nearly  all  have  a  covering  of  rock.  Turnpikes 
lead  in  all  directions  which  are  kept  in  good  repair  and  free 
from  toll  charges.  The  main  roads  are  all  made  of  rock  and 
the  few  dirt  roads  are  short,  leading  across  from  one  pike 
to  another  in  sections  not  thickly  settled. 

In  this  county  are  the  broad  outcrops  of  Conococheague, 
Beekmantown,  and  Waynesboro  Limestones,  in  addition  to 
the  cherts  and  flaggy  limestones  of  the  Elbrook.  There  are 
many  small  roadside  quarries  in  these  limestones  opened  for 
use  on  the  county  roads.  In  the  Waynesboro  are  the  hard, 
blue,  siliceous  limestones  and  also  white  marble  ledges,  all 
used  on  roads.  Examples  of  main  road  pikes  that  are  kept  in 
good  repair  are  the  Smithfield  and  Shepherdstown  road,  Hall- 
town  and  Shepherdstown  Pike,  Flowing  Springs  road,  Har- 
pers Ferry,  Charlestown,  and  Middleway  Pike,  the  Charles- 
town  and  Berryville  Pikes,  Meyerstown,  Rippon,  and  Summit 
Point  Road,  Kabletown  Pike.  These  are  well-graded  and 
drained  roads  that  receive  a  large  amount  of  travel  and  re- 
semble closely  the  toll  roads  in  other  sections.  These  are 
main  roads  of  travel  across  the  county,  while  man)-  of  the 
branch  roads  are  in  equally  good  condition.  Across  the 
Shenandoah  arc  the  hard  sandstones  of  the  Weverton  which 
are  used  on  these  mountain  roads  at  a  number  of  places  with 
sued 

Mr.  A.  D.  Williams,  Road  Engineer  of  this  State,  in  his 
Bulletin  No.  5  (page  41),  gives  tables  of  cost  of  construction 
"i  macadam  roads,  a  portion  of  which  is  here  quoted: 
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According  to  the  records  of  the  State  Road  Bureau,  fur- 
nished by  the  Chief  Engineer,  A.  D.  Williams,  these  three 
eastern  counties  have  the  following  road  mileage. 

Total  Miles.  Macadamized. 

Morgan   325  3 

Berkeley 456  96y2 

Jefferson    340  280 

TESTING   OF   ROAD   MATERIALS. 


The  subject  of  better  roads  is  now  attracting  wide  atten- 
tion all  over  the  country  and  many  States  have  an  organized 
State  Bureau  of  Public  Roads  with  trained  engineers  iri 
charge.  States  and  counties  are  making  appropriations  on 
large  scale  to  build  good  roads,  and  all  counties  now  have 
road  supervisors  or  road  engineers  in  charge  of  the  road 
building  and  repairs  in  the  counties.  In  West  Virginia  there 
is  established  at  Morgantown  a  State  Road  Bureau  with  Mr. 
A.  D.  Williams  in  charge,  which  is  stimulating  interest  in 
better  roads  over  the  State.  A  series  of  bulletins  is  issued 
giving  directions  for  the  proper  construction  of  these  roads 
and  other  helpful  data,  which  are  distributed  free  over  the 
State.     Much   good   has  been   accomplished  by  this   Bureau, 
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and  its  influence  for  good  will  greatly  increase  when  it  has 
educated  the  people  to  the  need  and  value  of  improved  road 
conditions. 

It  has  been  shown  that  in  the  three  counties  described 
in  this  Report  there  is  a  vast  supply  of  road  materials  near 
at  hand.  Not  all  rocks  are  adapted  to  the  best  service  on 
roads.  Some  of  these  rocks  are  better  than  others,  and  it  be- 
comes important  to  select  the  best  materials  available.  It 
is  possible  by  certain  laboratory  tests  to  determine  whether 
a  certain  rock  is  suitable  for  road  consruction,  and  which  of 
a  number  of  rocks  is  best  adapted  to  this  use.  These  tests 
are  therefore  very  important  and  should  be  made,  if  possi- 
ble, on  the  materials  to  be  used.  The  Government  has  an 
organization  under  the  Department  of  Agriculture  known  as 
the  Office  of  Public  Roads,  established  in  December,  1900, 
which  is  in  charge  of  a  corps  of  experts  with  Mr.  Logan  Wall- 
er Page,  Director.  This  department  is  equipped  with  mod- 
ern testing  machinery,  whereby  the  qualities  of  various  road 
materials  can  be  determined.  This  department  has  very 
kindly  cooperated  with  the_  West  Virginia  Geological  Survey 
in  testing  samples  of  road  materials  from  this  eastern  Pan- 
handle area  and  the  results  are  given  later  in  this  Chapter. 

Bulletin  No.  44  of  the  U.  S.  Office  of  Public  Roads  de- 
scribes the  methods  and  results  of  physical  tests  on  rock  for 
road  building  and  the  following  description  of  these  tests  is 
taken  from  this  bulletin. 

The  authors  of  this  bulletin  (A.  T.  Goldbeck  and  F.  H. 
Jackson)  call  attention  to  the  fact  that  two  sets  of  agencies 
work   the   destruction   of  roads,  as  a  macadam  road  is  com- 

1  of  individual  stones  bound  together  by  smaller  particles 
and  rock  powder.  The  first  set  of  destructive  agencies  is  me- 
chanical. The  impact  of  horses'  feet  tends  to  loosen  the  bind- 
ing material  and  crowd  the  rocks  apart,  and  at  same  time 
the  abrasion  -rinds  away  the  surfaces  of  the  stone  forming 
dusl   which  may  be  carried  away  by  the  wind  or  washed  awav 

-in  'I  he  pari  which  docs  remain  will  form  new  binding 
"i"  cementing  material.  If  too  much  is  presenl  the  road  will 
be  dusty  and  muddy,  and  if  nol  enough  lo  propcrh  cement 
the  n  ether,  the  road  will  disintegrate  by  raveling  out. 
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They  call  attention  to  the  automobile  traffic  exerting  a  severe 
shearing  action  on  the  road  which  loosens  the  individual 
stones  and  does  not  supply  by  abrasion  the  fine  material  to 
overcome  the  loss  in  the  cloud  of  dust  raised  by  them.  Plain 
macadam  road  without  any  surface  oil  or  cement  binder  is 
thus  seriously  injured  and  rapidly  destroyed  by  such  traffic. 

The  other  class  of  injurious  agencies  is  physical.  The 
freezing  and  thawing  action  loosens  the  materials  in  the  body 
of  the  road  and  such  loosened  materials  are  carried  away  by 
wind  and  rain.  The  action  is  more  destructive  on  roads  that 
are  poorly  drained.  While  the  rocks  used  may  have  low 
absorption,  the  road-bed  aggregate  has  a  large  absorptive 
power,  the  interspaces  holding  water.  The  authors  of  this 
bulletin  call  special  attention  to  the  fact  that  the  mechanical 
wear  of  traffic  is  far  more  severe  and  destructive  than  that  of 
freezing  or  thawing. 

They  state  that  a  road  building  rock  must  have  three  very 
essential  characteristics.  1.  Hardness,  or  "its  ability  to  resist 
the  abrasive  action  of  traffic  in  causing  displacement  of  the 
surface  particles  by  friction" ;  2.  Toughness,  or  "its  ability 
to  resist  rupture  due  to  the  impact  of  traffic" ;  3.  Cementing 
or  Binding  Power,  which  "determines  how  firmly  the  individ- 
ual stones  will  be  cemented  together  by  the  rock  powder 
formed  through  the  action  of  traffic." 

In  order  to  determine  the  value  of  road  materials,  the 
following  tests  are  made:  hardness,  toughness,  resistance  to 
wear  or  abrasion,  cementing  value,  specific  gravity,  and  ab- 
sorption. 

Hardness  Test. — The  hardness  test  is  made  on  rock  cores, 
25  millimeters  in  diameter  on  the  Dorry  machine.  The  cores 
are  held  endwise,  perpendicularly  against  a  revolving  steel 
disk,  under  a  pressure  of  1250  grams,  while  standard  quartz 
sand  (30-  to  40-mesh)  is  fed  on  the  disk  for  abrasion.  At 
the  end  of  1000  revolutions,  the  loss  in  weight  is  determined, 
and  the  test  repeated  with  the  core  reversed.  The  average 
loss  in  weight  of  the  two  runs  is  used  in  the  determination 
of  tne  hardness  of  the  specimen  by  the  following  formula 
where  W  is  the  loss  in  grams  per  1,000  revolutions : 
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Hardness     =     20     —     y3  W. 

Toughness  Test. — The  toughness  test  is  made  on  rock 
cylinders  cut  out  of  the  specimen  rock,  25  millimeters  in 
diameter  and  of  equal  height.  These  cylinders  are  tested  in 
a  Page  impact  machine,  under  the  impact  of  a  two-kilogram 
(4.4  pounds)  hammer  falling  on  a  plunger  having  a  spherical 
end  two  centimeters  in  diameter.  The  first  blow  is  delivered 
from  a  height  of  one  centimeter,  the  second  from  a  height  of 
two  centimeters,  and  so  on  until  the  test  piece  begins  to  crum- 
ble down.  The  number  of  blows  required  to  cause  the  break 
in  test  piece  represents  the  toughness. 

Abrasion  Test. — The  abrasion  test  in  the  Deval  machine 
tests  both  baldness  and  toughness  and  gives  clue  to  the  re- 
sistance to  wear  of  the  rock.  The  Deval  machine  is  an  iron 
cylinder  8  inches  in  diameter,  l3T/2  inches  deep,  mounted 
diagonally  (30°)  on  a  rotating  axis.  The  rock  is  broken  in 
uniform-sized  pieces  so  that  about  50  pieces  make  a  test  sam- 
ple weighing  approximately  5  kilograms  (11  pounds)  and 
thoroughly  dried  and  weighed.  They  are  placed  in  the  cyl- 
inder which  is  firmly  closed  and  rotated  for  10,000  revolutions 
at  the  rate  of  30  to  33  per  minute.  The  percentage  of  ma- 
terial worn  off  which  will  pass  through  a  1/16-inch  sieve  is 
used  in  determining  the  amount  of  wear  which  is  given  in  per 
.cent,  of  the  5  kilograms  used  and  is  known  as  per  cent,  of 
wear. 

The  French  engineers  who  established  this  test  adopted 
a  coefficient  of  wear  to  indicate  the  resistance  to  wear  of  a 
stone.  They  found  that  very  few  rocks  in  these  tests  form 
less  dust  than  20  grams  to  each  kilogram  of  rock,  and  the)'' 
adopted  the  number  20  as  the  coefficient  of  the  best  rocks. 
The  coefficient  of  oilier  rocks  is  obtained  by  multiplying  this 
number  by  20  divided  by  the  amount  of  dust  formed  per  kilo- 
'.1  rock,  W  being  the  weight  in  grams  of  the  dust  or 
particles  under  1/16  inch, 

20 
Coefficient  of  Wear     ^     20     x     — 

W 

The    French   Coefficienl    multiplied   by   the   per  cent,   of 

•  equals  40. 

Cementation  Test.     In  this  test  one  half  kilogram  of  the 
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finely  crushed  rock  sample  is  placed  in  a  ball  mill  with  suffi- 
cient water  to  produce  a  stiff  dough  after  grinding.  The  mill 
is  given  5,000  revolutions  at  the  rate  of  2,000  per  hour,  after 
which  the  dough  is  taken  out  and  molded  in  a  steel  die  under 
a  pressure  of  132  kilograms  for  not  to  exceed  30  seconds.  Five 
briquettes  are  made  and  dried  for  20  hours  in  air,  then  4  hours 
at  200°  F.  They  are  then  tested  in  a  Page  impact  machine 
under  a  one  kilogram  (2.2  pounds)  hammer  which  drops  one 
centimeter.  The  reaction  of  the  briquette  after  each  blow  of 
the  hammer  is  recorded  automatically  by  a  lever  with  brass 
point  on  a  sheet  of  prepared  paper.  When  no  further  reaction 
is  recorded,  so  that  the  resilience  of  the  briquettes  is  de- 
stroyed, the  test  is  complete.  The  number  of  blows  required 
to  reach  this  result  is  taken  to  be  the  cementing  value  of  the 
material. 

The  Specific  Gravity  Test  is  a  clue  to  the  density  of  the 
rock,  and  the  weight  per  cubic  foot  of  the  solid  unbroken  rock 
is  obtained  by  multiplying  the  specific  gravity  by  the  weight 
of  a  cubic  foot  of  water,  62.37  pounds. 

This  sample  of  stone  used  for  specific  gravity  test  is 
immersed  in  water  for  four  days,  and  the  absorption  is  ex- 
pressed in  pounds  per  cubic  foot. 

In  the  interpretation  of  the  results  of  tests  on  rock  sam- 
ples and  in  the  comparison  of  their  value  as  road  material, 
the  bulletin  quoted  above  gives  the  following  values  in  the 
different  tests : 

Hardness: 

Coefficient  above  17 hard. 

from  14  to  17.  .  .  .medium. 

below  14 soft. 

Toughness: 

above  19 high. 

from  13  to  19. ..  .medium. 

below  13. . low. 

Resistance  to  Wear: 

French  Coefficient  above  20 very  high. 

from  14  to  20.  .  .  .high. 

from  8  to  13 medium. 

below  8 low. 

Cementing   Value: 

above  100 excellent. 

from  76  to  100.  .  .very  good. 

from  26  to  75 good. 

from  16  to  25. .  .  .fair, 
below  in       low. 
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This  bulletin  also  gives  a  table  of  limiting  values  in  the 
above  tests  for  different  kinds  of  traffic : 


Results  of  Tests. 


tr-"  j    *  ™     «  Percent. 
Kind  of  Traffic.  ^      Qf  wear 

Heavy   ||  2.5  or  less 

Medium    ||  2.5  to  5 

Light    II  5  to  8 


I  \    Cementing 

Hardness.    I  Toughness.  I        Value. 


18  or  over 
14  to  18 
10  to  14 


19  or  over 
14  to  19 
8  to  14 


over  25 
over  25 
over  25 


For  purposes  of  comparison  the  following  maximum  and 
minimum  results  of  all  tests  made  on  limestone,  dolomite, 
marble,  sandstone,  chert,  shale,  and  granite,  in  the  laboratory 
of  the  U.  S.  Office  of  Public  Roads  up  to  January,  1912,  are 
Sfiven : 


No.    || 
'Sam-  ||     Kind  of 

pies    |       Rock. 
Tested!! 


718 
183 
37 
340 
52 
9 
219 


[Limestone 
||Dolomite.. 

(Marble 

|ISandstone. 

|  (Chert 

1 1  Shale 

IGranite.  . . 


Specific  Gravity. 


Weight  lbs.  per     /, 
cubic  foot.        I 


2.85 
|  3.00 
2.85   | 
|   3.25 
|   3.00 

2„70 
I   3.00 


Water  ab- 
sorbed lbs. 
per  cu.  ft. 


Max.  |  Min.  I  Avg.  ||  Max  .1  Min  .1  Avg.  jl  Max.  I  Min. 


2.00 

2.30 

2.65   | 

j   2.00 

2.00 

2.50 

I   2.00 


2.66 

2.73 

2l76   | 
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TESTS    ON     MORGAN    COUNTY    ROAD    MATERIALS. 


The    Bossardville    (Tonoloway)     Limestone    from    east 
slope  of  Tonoloway  Ridge  south  of  Great  Cacapon  Station 


WEST    VIRGINIA    GEOLOGICAL    SURVEY.  S71 

was  tested  at  the  laboratory  of  the  Office  of  Public  Roads  at 
Washington  with  the  following  results : 

Weight  per  cubic  foot 172         pounds. 

Pounds  of  water  absorbed  per  cubic  foot 0.91 

Per   cent,   of  wear 3.2 

French  coefficient  of  wear 12.3 

Hardness     14 . 8 

Toughness     _ 19.0 

Cementing    value 71 

Tests  made  on  the  Helderberg  Limestone  near  Berkeley 
Springs  were  as  follows : 

Weight  per  cubic  foot 168         pounds. 

Pounds  of  water  absorbed  per  cubic- foot 0.45 

Per   cent,   of  wear 5.1 

French  coefficient  of  wear 7.9 

Hardness     12.2 

Toughness     6 

Cementing    value 42 

In  the  present  work  in  these  counties,  samples  were  taken 
for  tests  from  the  Bossardville  Limestone  at  a  small  lime 
quarry  on  the  Samuel  Barnhardt  farm,  two  miles  south  of 
Berkeley  Springs,  on  the  western  slope  of  the  ridge.  The 
slabby  character  of  this  formation  made  it  impossible  to  se- 
cure a  block  of  sufficient  thickness  to  make  the  tests  on  Hard- 
ness and  Toughness.  The  other  tests  made  for  the  Survey 
by  the  Office  of  Public  Roads  at  Washington  are  as  follows : 

Specific    gravity 2.70 

Weight  per  cubic  foot 168         pounds. 

Pounds  of  water  absorbed  per  cubic  foot 0.36 

Per   cent,   of  wear 6.5 

French  coefficient  of  wear 6.2 

Cementing  value 62         (good) . 

The  report  concludes  this  rock  is  only  suitable  for  use  on 
water-bound  macadam  roads  subjected  to  light  traffic. 

Samples  of  the  Helderberg  Limestone  were  taken  from 
the  quarry  of  the  Forest  Hill  Lime  Works,  a  mile  south  of 
Berkeley  Springs  on  the  west  slope  of  the  Warm  Spring 
Ridge.  This  quarry  is  equipped  with  a  small  crushing  plant 
and  supplies  stone  to  the  town.     The  stone  has  been  used  on 
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the  hill  road  back  of  the  town.     The  tests,  as  made  at  Wash- 
ington by  the  Office  of  Public  Roads,  are : 

Specific    gravity 2.70 

Weight  per  cubic  foot 168         pounds. 

Pounds  of  water  absorbed  per  cubic  foot 0.51 

Per  cent,  of  wear 7.1 

French  coefficient  of  wear 5.6 

Hardness     15 .  83 

Toughness   4 

Cementing    value 71         (good) . 

The  report  states  this  rock  is  only  suitable  for  roads  with 
light  traffic. 

When  these  Bossardville  Limestones  are  compared  with 
the  table  of  interpretation  of  values  in  a  preceding  paragraph, 
the  hardness  and  toughness  are  medium.  The  resistance  to 
wear  in  the  Tonoloway  Ridge  sample  is  medium,  and  low  in 
the  other  one.  The  cementing  value  is  good  in  both  samples. 
The  table  of  limiting  values  shows  the  Tonoloway  Ridge  lime- 
stone to  be  adapted  to  medium  traffic  and  the  Warm  Spring 
Ridge   Bossardville   Limestone  only  adapted  to  light   traffic. 

The  two  samples  of  Helderberg  vary  somewhat  in  results 
and  were  doubtless  taken  from  different  ledges.  The  sam- 
ple taken  in  the  present  work  was  from  a  new  quarry  but 
recently  opened.  This  sample  shows  medium  hardness,  low 
toughness,  low  resistance  to  wear  with  good  cementing  value, 
and,  by  the  table,  both  samples  are  only  suitable  for  light 
traffic,  and  would  be  suitable  for  these  country  roads. 

Samples  of  the  hard  quartzose  sandstones  were  taken, 
One  sample  of  the  hard,  white  Medina  Sandstone  was  taken 
from  the  lower  quarry  of  the  Great  Cacapon  Silica  Sand  Com- 
pany, near  the  mountain  road.  This  is  a  very  hard  rock 
which  has  been  exposed  to  the  weather  for  several  years  in 
the  open  quarry.  It  was  tested  at  the  Washington  laboratory 
oi  the  Public  Roads  Bureau  with  the  following  results: 

Specific    gravity 2.60 

Welghl   per  cubic  fool 162        pounds. 

Pounds  of  water  absorbed   per  cubic  Coot 1.69 

Per  cent,   of   wear 8.0 

FYench    coefflclenl    of    wear 5.0 

Hardness    18.3     (high). 

Toughness     8        (low). 

Cementing   value l'::        (fair) 
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As  a  result  of  these  tests  the  Bureau  states  the  rock  is 
only  suitable  for  use  in  the  foundation  course  of  macadam 
roads. 

The  laboratory  of  the  Office  of  Public  Roads  made  f 
mineral  examination  of  this  Medina  Sandstone  and  found  as 
accessory  minerals,  orthoclase  and  zircon,  with  limonite  or 
hydrated  oxide  of  iron  as  a  secondary  mineral.  They  de- 
scribe the  sandstone  as  a  "fine  grained,  light  yellowish  gray, 
highly  indurated  sandstone,  composed  essentially  of  angular 
quartz  grains,  firmly  cemented  together  by  silica  and  iron 
oxide." 

At  the  base  of  the  Niagara  (McKenzie)  Formation  is  a 
very  hard  quartzose  sandstone  that  resembles  somewhat  in 
physical  structure  the  preceding  Medina  White  Sandstone. 
It  outcrops  in  narrow  belts  near  Great  Cacapon  Station, 
thence  southward,  and  a  long  narrow  belt  outcrops  east  along 
Sir  Johns  Run  and  south  across  the  county.  It  is  very  re- 
sistant to  action  of  weathering  and  forms  low  ridges  or  solid 
rock  cliffs. 

This  Keefer  Sandstone  was  sampled  on  the  road  from 
Berkeley  Springs  to  Great  Cacapon  a  quarter  mile  to  the  west 
of  the  bridge  over  Sir  Johns  Run,  or  a  mile  west  of  Berkeley 
Springs  (9561).  It  was  again  sampled  further  north  on  an 
eastern  lens  of  this  sandstone  which  crosses  the  road  to  Sir 
Johns  Run  and  a  quarter  mile  east  of  the  run,  and  a  mile  and 
a  quarter  north  of  the  Great  Cacapon  road,  sample  No.  9559. 

No.  9561  No.  9559.  No.  9564. 

Specific    gravity 2.60  2.65                       2.70 

Weight  per  cubic   foot.  162         pounds     165  pounds     168         pounds 
Pounds     of     water     ab- 
sorbed   per    cu.    ft..      0.94  0.61                         0.99 

Per  cent,  of  wear 5.1  3.00                       4.00 

French      coefficient      of 

wear     7.8     (low)  13.3  (med.)       10. 0     (med.) 

Hardness     19.0     (hard)  18.83  (hard)       16.33   (med.) 

Toughness 10         (low)  12  (low)         11        (low) 

Cementing    value 18         (fair)  13  (fair)         26         (good) 

The  Office  of  Public  Roads  states  that  these  sandstones 
are  "suitable  for  use  as  foundation  course  in  water-bound 
macadam  constructions,  as  foundation  and  wearing  course  in 


574  CLAYS   AND   ROAD    MATERIALS. 

bituminous  macadam  roads  subjected  to  moderate  traffic,  and 
as  concrete  aggregate." 

The};-  found  in  these  sandstones  as  accessory  minerals, 
orthoclase  feldspar,  tourmaline,  and  zircon,  with  limonite 
and  hematite  iron  oxides  as  secondary  minerals,  the  rock  be- 
ing composed  essentially  of  angular  quartz  grains  cemented 
together  by  silica  and  iron  oxide. 

Sample  No.  9564  is  of  a  ferruginous  sandstone,  deep  red- 
dish-brown color  from  the  Bloomsburg  Red  Sandstone  mem- 
ber at  the  base  of  the  Rondout  Waterlime  (Wills  Creek 
Shales).  It  is  from  the  roadside  cliff  outcrop  on  the  Berke- 
ley Springs-Great  Cacapon  road  a  quarter  mile  east  of  the 
bridge  over  Sir  Johns  Run.  This  belt  extends  north  to  the 
river  and  southwest  across  the  county.  It  is  composed  of 
red  shales,  and  solid  sandstone  ledges,  and  it  is  according  to 
the  tests  suitable  for  foundation  courses  in  macadam  roads. 
According  to  the  Government  report,  it  is  a  fine-grained  sand- 
stone composed  essentially  of  angular  quartz  grains  cemented 
together  by  iron  oxide,  with  tourmaline  as  accessory  mineral, 
and  hematite  iron  oxide  as  secondary  mineral. 

The  above  tests  on  Morgan  County  road  material  show 
that  the  hard  quartzose  sandstones  are  not  adapted  to  use  on 
macadam  roads  except  for  the  foundation  courses.  Sand- 
stones seldom  make  satisfactory  roads  when  used  on  the  sur- 
face. If  very  hard,  the  rocks  do  not  cement  together ;  and  if 
softer,  they  grind  down  to  a  loose  sand.  If  used  in  the  foun- 
dation courses  with  limestone  surfaces,  they  afford  good 
drainage  and  a  very  solid  road-bed. 

The  flaggy  limestones  of  the  Bossardvillc  make  only  a 
fair  road,  but  possibly  in  quarries  opened  to  greater  depth,  a 
more  solid  limestone  might  be  found.  All  openings  arc  shal- 
low and  represenl  surface  more  or  less  weathered  outcrops. 
The  Helderberg  Limestones  are  adapted  to  use  on  these  coun- 

roads  and  should  make  a  very  satisfactory  road  material, 
and  there  is  sufficienl  quantity  i<>  jiisiifv  road  quarry  openings, 

TESTS  ON  BERKELEY  COUNTY  ROAD  MATERIALS. 

The  ''fiii'-  of  Public  Roads  a1  Washington  has  made  a 
number  of  tests  on  stone   ("or  use  <>n  roads,   from    Berkeley 


WEST   VIRGINIA    GEOLOGICAL    SURVEY.  575 

County.  Four  miles  north  of  Martinsburg  are  located  the 
quarries  of  the  Security  Cement  and  Lime  Company.  The 
following  tests  were  made  on  the  high-grade  limestone  of  the 
Stones  River  Formation  at  these  quarries : 

Specific    gravity 2.70  2.70 

Weight  per  cubic  foot 168         pounds     168         pounds 

Pounds  of  water  absorbed  per 

cubic    foot 0.45  0.21 

Per   cent,    of   wear 5.1  4.6 

French  coefficient  of  wear 7.9  8.6 

Hardness 12.2  16.0 

.     Toughness     6  7 

Cementing    value 42  46 

The  overlying  Chambersburg  Limestone  at  these  quar- 
ries was  also  tested  with  the  following  results : 

Specific    gravity 2 .  70  2 .  85 

Weight    per    cubic    foot    (pounds) 168  178 

Pounds  of  water  absorbed  per  cubic  foot....     0.345  0.17 

Per  cent,  of  wear 4.1  2.8 

French  coefficient  of  wear 9.8  14.3 

Hardness     15.7  17.2 

Toughness    3  17 

Cementing  value Good.  Good. 

"This  material  should  prove  satisfactory  for  macadam  construc- 
tion subject  to  light  or  medium  traffic,  or  for  use  with  an  artificial 
binder." 

The  siliceous  dolomites  in  the  lower  portion  of  the  Stones 
River  Formation  on  the  Security  property,  and  the  Beek- 
mantown  dolomite  on  the  National  Limestone  Company  tract 
two  miles  south  of  Martinsburg  were  tested  with  the  follow- 
ing results : 

Security       National. 

Specific    gravity 2 .  85  2.85 

Weight  per  cubic  foot  (pounds) 178  178 

Pounds  of  water  absorbed  per  cubic  foot...     0.37  0.26 

Per  cent,  of  wear 3.56  2.5 

French  coefficient  of  wear 11 . 2  15 . 9 

Hardness     17 . 2  17.3 

Toughness     17  13 

Cementing    value Good.  Good. 

"Fairly  hard  rocks,  showing  high  resistance  to  wear,  average 
toughness,  and  good  cementing  value.  Should  prove  satisfactory  for 
roads  subjected  to  average  traffic  conditions." 
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A  sample  of  the  dark-blue  limestone  near  the  contact  of 
the  Bossardville  and  Helderberg"  Formations  and  apparently 
belonging-  at  the  former  horizon  was  tested  from  the  Thomp- 
son and  Downey  farm  near  the  limestone  cave  a  mile  and  a 
half  south  of  Tomahawk : 

Specific    gravity 2.70 

Weight  per  cubic  foot  (pounds) 168 

Pounds  of  water  absorbed  per  cubic  foot 0.70 

Per  cent,  of  wear 5.4 

French  coefficient  of  wear 7.4 

Hardness    13 .  66 

Toughness   6 

Cementing  value Very  good. 

"Suitable  for  use  in  the  construction  of  macadam  roads  subjected 

to  light  traffic." 

The  following  tests  were  made  on  the  Upper  Stones  River 
Limestone  from  the  quarries  of  the  Standard  Lime  and  Stone 
Company,  at  Martinsburg : 

Specific    gravity 2.70  2.70  2.'70 

Weight  per  cubic  foot   (pounds) 168  168  168 

Pounds  of  water  absorbed  per  cubic  ft. .      0.26  0.11  0.20 

Per  cent,  of  wear 4.8  4.1  4.2 

French  coefficient  of  wear 8.3  9.8  9.6 

Hardness    16.7  15.7  16.4 

Toughness    4  8  4 

Cementing    value 52  62  50 

TESTS  ON    ROAD  MATERIALS  IN   BERKELEY  COUNTY,  1916. 

With  the  cooperation  of  the  County  Court  of  Berkeley 
County  rmd  (heir  Road  Engineer,  Mr.  Geo.  E.  Showers,  sam- 
ples of  road  materials  were  secured  at  a  number  of  localities 
in  Berkeley  County  in  the  spring  of  1916.  These  samples 
were  tester!  by  the  U.  S.  Office  of  Public  Roads  at  Washington 
with  the  following  results: 

Sandstones. 

A  sample  of  the  Oriskany  Sandstone  was  taken  on  the  ou1 
crop  near  the  western  base  of  Ferrel  Ridge  near  Butts  Store. 
andstone  is  composed  of  quartz  sand  with  some  <>riho- 
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clase  feldspar  and  contains  kaolin  and  limonite  which  frrm 
the  cement.  It  is  therefore  not  a  durable  rock  and  has  prac- 
tically no  value  as  road  material.     The  Bureau  tests  are  given 

below : 

Butts  North  of     Hedges- 
Store.  Tomahawk,     ville.  Inwood. 

Specific    gravity 2.25  2.50             2.65  2.30 

Weight  per  cubic  foot  (pounds)  140  156               165  144 
Pounds  of  water  absorbed  per 

cubic    foot 3.45  1.66             0.62  3.19 

Per  cent,  of  wear 7.2  7.9               2.8  16.6 

French  coefficient  of  wear 5.6  5.1             14.3  2.4 

Hardness    18.7  x               16.7  19.3 

Toughness     -6  to -14  x          -15  to -22  2 

Cementing    value Low  Low     Average  Low 

The  Oriskany  Sandstone  north  of  Tomahawk  was  also 
sampled.  It  is  also  composed  of  fine  angular  quartz  grains 
cemented  together  by  limonite  (iron  oxide)  and  silica.  It  is 
a  more  durable  rock  than  west  of  the  ridge  but  is  not  suitable 
for  road  material.  It  is  an  interesting  outcrop  in  containing 
some  minute  tourmaline  crystals,  a  mineral  composed  of  bc-ro- 
silicate  of  alumina,  iron,  and  magnesia,  and  is  a  very  rare  min- 
eral in  the  sedimentary  rocks  of  this  State. 

A  mechanical  analysis  of  this  sandstone  was  made  by  the 
Office  of  Public  Roads  and  showed  the  following  percentages: 

Tomahawk. 

Quartz 89.4 

Orthoclase  feldspar  and  kaolin 6.0 

Tourmaline    0.2 

Limonite  (hydrated  iron  oxide) 4.4 

100.0 


The  Hamilton  Sandstone  near  the  top  of  that  Formation 
was  sampled  a  mile  west  of  Hedgesville  on  the  county  road. 
This  is  a  feldspathic  sandstone  very  compact  and  fine-grained. 
The  Bureau  at  Washington  found  it  to  be  composed  essen- 
tially of  angular  fragments  of  quartz  and  kaolmized  ortho- 
clase feldspar,  cemented  together  by  secondary  silica  and 
kaolin,  and  suitable  for  use  in  the  foundation  course  in  mac- 
adam roads,  and  as  an  aggregate  for  concrete.     The  tests  on 
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this  sandstone  are  given  above  and  the  mechanical  analyses 

are  as  follows : 

Hedgesville.      Inwood. 

Quartz    48.6  87.0 

Orthoclase  and  kaolin '47.4  4.4 

Biotite   (black  mica) 0.8               

Limonite    2.6  8.6 

Calcite    0.6               

100.0  100.0 

The  Elbrook  Formation  is  usually  composed  of  limestones 
and  shaly  limestones  and  cherts,  but  in  a  number  of  localities 
there  is  a  heavy  sandstone  horizon,  well  shown  on  Kerrel 
Ridge  and  also  further  south.  A  sample  of  this  sandstone 
was  taken  one  and  a  half  miles  west  of  Inwood  on  the  county 
road  to  Gerrardstown  and  on  the  McKown  farm. 

This  sandstone  is  described  by  the  Office  of  Public  Roads 
as  a  medium-grained,  yellowish-brown,  loose-textured  sand- 
stone, composed  essentially  of  rounded  quartz  grains,  ce- 
mented together  by  iron  oxide.  It  is  of  practically  no  use  for 
road  material.  The  tests  and  mechanical  analysis  are  given 
above. 

Helderberg  Limestone. 

The  Helderberg  Limestone  was  sampled  on  the  west 
slope  of  Ferrel  Ridge,  just  east  of  Butts  Store,  and  also  at  a 
small  roadside  quarry  just  west  of  Tomahawk  on  this  same 
Ridge.  It  was  sampled  further  south  on  this  Ridge  toward 
Jones  Springs,  at  the  Joe  Wheeler  lime  quarry.  These  lime- 
stones are  all  suitable  for  roads  with  light  or  moderate  traffic 
and  should  be  used  on  the  roads  of  this  section.  L'he  results 
of  the  tests  are  given  below : 

Butts  Toma-  Jones 

Store.  hawk.  Wheeler.  Springs. 

Specific  gravity 2.70  2.70  2.70  2.70 

Weighl  per  cubic  foot 

(pounds)    168  168  168  168 

Pounds    <>r    water    absorbed 

per  cubic  Tool 0.61  0.27  0.37  0.31 

Per  cent,  of  wear 6.2  4.5  r>.7  4.4 

French  <•<„  fflclenl  <>r  wear.  , .     6.5  8. ft  7.0  n.1 

Hardness    14  L8.3  14  17.3 

4  15  •'  0 

Cemi              due Average  Average  Average  Average. 
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The  sample  labelled  Jones  Springs  is  also  from  the 
Wheeler  quarry,  but  it  is  a  siliceous,  hard,  dense,  blue  lime- 
stone, while  the  other  sample  was  quite  crystalline.  The  two 
quarries  appear  to  be  at  different  horizons  in  the  Helderberg 
Limestone  Formation. 

Conococheague  Limestone. 

This  Cambrian  Limestone  w7as  sampled  at  two  places,  but 
its  outcrop  covers  a  wide  and  long  area  in  the  county  and  also 
in  Jefferson  County. 

In  the  northern  part  of  Berkeley  County  near  the  river  in 
the  vicinity  of  Little  Georgetown,  this  limestone  has  been  ex- 
tensively used  for  road  material,  and  is  well  adapted  to  this 
use.  A  sample  was  taken  near  the  county  road  just  east  of 
this  village.  Another  sample  was  taken  near  the  road  which 
passes  under  the  main  line  of  the  Baltimore  and  Ohio  Rail- 
road at  the  north  end  of  Cumbo  Yard,  or  about  two  miles 
south  of  North  Mountain  Station : 


Little  Cumbo 
Georgetown.      Yard. 

Specific    gravity 2.80  2.75 

Weight  per  cubic  foot  (pounds) 175  172 

Pounds  of  water  absorbed  per  cubic  foot 0.37  0.52 

Per  cent,  of  wear 6.5  4.6 

French  coefficient  of  wear 6.2  8.7 

Hardness    18.7  16 . 7 

Toughness    10  4 

Cementing  value Low  Average 

Beekmantown  Limestone. 


The  Beekmantown  Limestone  outcrops  over  large  areas 
of  Berkeley  and  Jefferson  Counties,  and  it  is  quarried  for  road 
material  and  railroad  ballast.  Samples  of  this  limestone  were 
taken  at  a  number  of  places  for  the  tests. 

One  sample  was  taken  from  a  small  roadside  quarry  a 
half  mile  north  of  Spring  Mills.  It  here  occurs  in  solid  ledges 
of  dark-blue  to  bluish-gray  limestone,  and  it  has  been  used  on 
this  road  for  a  number  of  years.  Another  sample  was  taken 
just  east  of  Nipetown  on  the  road  across  to  the  Williamsport 
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Pike.  This  limestone  was  sampled  about  two  miles  east  of 
Bedington  across  Opequon  Creek  on  the  road  to  Whitings 
Neck.  A  sample  was  taken  of  the  hard,  blue  dolomitic  lime- 
stone on  the  National  Limestone  Company  tract  to  the  west 
of  the  working  quarries,  which  are  in  the  Stones  River  horizon. 
This  location  is  two  and  a  half  miles  southeast  of  Martins- 
burg.  A  sample  was  taken  of  the  Beekmantown  Limestone 
about  two  miles  west  of  Inwood  on  the  road  to  Gerrardstown, 
but  here  the  rock  is  quite  slabby,  almost  shaly. 

The  tests  as  given  below  and  made  by  the  U.  S.  Office  of 
Public  Roads  show  this  limestone  adapted  to  use  on  these 
country  roads,  and  there  is  a  large  quantity  available  well 
distributed  over  the  county: 

Spring  Nipe-  Whitings                  Gerrards- 

M  il  Is.  town.  Neck.     National,     town. 

Specific    gravity 2.70  2.70  2.75           2.85          2.75 

Weight  per  cubic  foot..  168  168  172             178            172 
Poundes     of     water     ab- 
sorbed per  cubic  ft. .     0.27  0.43  0.19           0.31          0.46 

Per  cent,  of  wear 4.2  4.9  4.9             3.6            6.5 

French     coefficient     of 

wear    9.5  8.2  8.2           11.1            6.2 

Hardness    15  16  16               16.3          15.7 

Toughness     4  3  10               10           -9  to -15 

Cementing  value Average  Average  Average  Average     Low 

Stones  River  Limestone. 

The  Upper  Stones  River  Limestone  is  a  very  pure  rock, 
and  quite  brittle.  It  is  the  valuable  steel  furnace  flux  lime- 
stone, and  the  large  quarries  of  the  Martinsburg  section  are  in 
this  limestone.  The  smaller  sizes  from  the  crusher  are  sold 
for  road  material  and  for  concrete.  A  number  of  samples 
were  taken  and  tested  at  the  Washington  laboratory-  The 
show  this  limestone  is  adapted  to  use  on  roads  subjected 
to  light  traffic.  One  sample  was  taken  from  the  quarries  of 
the  Security  Cement  and  Lime  Company,  at  Berkeley  Station, 
four  miles  north  of  Martinsburg.  Samples  were  also  taken 
from  the  Blair  Limestone  Company  quarries  at  Blairton,  three 
nulls  easl  of  Martinsburg ;  and  from  quarries  of  the  National 
Limestone  Company,  two  miles  southeasl  of  Martinsburg.  A 
sample    was   taken    From    the    Rutherford   farm,    just   cast  of 
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Darkesville,  or  seven  miles  south  of  Martinsburg;  also  from 
the  quarries  of  the  J.  E.  Baker  Lime  Company,  at  Bunker 
Hill,  ten  miles  south  of  Martinsburg:: 


Security. 

Specific    gravity 2.70 

Weight  per  cubic  foot. 

(pounds)     168 

Pounds      of     water     ab- 
sorbed per  cu.  ft. . . .      0.27 

Per  cent,  of  wear 6.3 

French  coefficient  of  wear     6.4 

Hardness    16 

Toughness     4 

Cementing  value Average       Low       Average  Average  Average 


Chambersburg  Limestone. 

Over  the  Stones  River  Limestone  is  the  Chambersburg, 
which  on  weathered  outcrop  shows  a  cobbly,  weathered  struc- 
ture. Many  of  the  ledges  are  marked  by  criss-cross  clay 
seams  and  so  weather  to  cobbles.  Below  the  surface  ledges 
are  more  solid  limestones,  but  they  usually  break  in  blocks 
two  to  eight  inches  thick.  The  limestone  is  hard  and  rather 
close-grained  and  is  used  on  many  of  the  county  roads  with 
good  results. 

A  sample  of  this  limestone  was  taken  from  an  old  aban- 
doned railroad  quarry,  a  half  mile  northeast  of  Falling 
Waters.  The  stone  was  badly  weathered  and  no  pieces  were 
secured  large  enough  for  tests  on  hardness  or  toughness, 
Another  sample  was  taken  from  a  small  roadside  quarry  west 
of  the  main  pike  and  about  a  half  mile  northwest  of  the  Fall- 
ing Waters  Schoolhouse.  A  sample  was  taken  just  across  the 
stone  bridge  over  Opequon  Creek  on  the  Shepherdstown 
road  near  Blairton  and  about  two  and  a  half  miles  east  of 
Martinsburg.  The  county  opened  a  quarry  on  the  Van  Metre 
farm  near  forks  of  road  south  of  Van  Metre  Schoolhouse,  two 
miles  southwest  of  Van  Clevesville.  The  tests  on  these  sam- 
ples made  by  the  U.  S.  Office  of  Public  Roads  show  the  lime- 
stones to  be  suitable  for  these  roads : 
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Railroad    Falling  Opequon  So.  of  Van 

Quarry     Waters  Bridge  Clevesville 

Specific  gravity 2.70             2.70  2.70  2.70 

Weight  per  cubic  foot  (pounds)  168               168  168  168 
Pounds  of  water  absorbed  per 

cubic    foot 0.59             1.27  0.19  0.36 

Per  cent,  of  wear 5.6               4.7  5.1  5 

French  coefficient  of  wear 7.1               8.5  7.8  8 

Hardness    x              16.7  16.7  17 

Toughness  x                 8  6  9 

Cementing  value Average         Low  Average  Average 


TESTS   ON   JEFFERSON   COUNTY   ROAD   MATERIALS. 

In  the  broad  belt  of  Beekmantown  Limestone  across  Jef- 
ferson County,  there  are  numerous  roadside  quarries,  and  the 
large  ballast  quarry  at  Kearneysville.  This  limestone  is 
available  for  roads  over  a  large  area  of  the  county.  The  fol- 
lowing tests  were  made  on  this  limestone  at  different  points 
in  the  county  and  they  are  given  in  the  reports  of  the  U.  S. 
Office  of  Public  Roads.  The  first  series  of  tests  listed  below 
is  on  the  limestone  from  the  large  ballast  quarries  of  the 
Standard  Lime  and  Stone  Company  at  Kearneysville ;  the 
second  series  is  on  the  same  limestone  near  this  town  ;  the 
third  is  from  Middleway,  and  the  fourth  from  near  Summit 

Point : 

Kearneysville.  Summit 

Standard.  Hale.          Middleway.  Point. 

Specific  gravity 2.70  2.70             

Weight    per    cubic    foot 

(pounds)     168  172  168  175 

Pounds     of    water     ab- 
sorbed per  cubic  foot. .     0.22  0.63  0.72  0.32 

Per  cent,  of  wear 3.9  4.2  4  2.9 

French  coefficient  of  wear.   10.2  9.6  10.1  13.8 

Hardness    14.3  14.7  15.8  17.5 

Toughness   6  5  10  22 

Cementing  value 29  68  26  35 

According  to  these  tests  these  limestones  have  medium 
hardness  and  low  toughness  except  the  Summit  Point  rock 
which  is  high,  with  medium  resistance  to  wear,  and  fair  ce- 
menting value.  They  arc  adapted  to  roads  with  medium  traf- 
fic, and  represent  a  good  type  of  county  road  material. 

Tin-    Beekmantown    Limestones  were  also  tested   to  the 
■■I    Leetown  <>n  the  Chew  and  Wiltshire  farms  with  the 
follow  in-  r<    nits  : 
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Specific    gravity 2.70                           2.70 

Weight  per  cubic  foot   (pounds) 168  168 

Pounds  of  water  absorbed  per  cubic 

foot    0.19                          0.33 

Per  cent,  of  wear 4.1                            3.5 

French  coefficient  of  wear 9.7  11.4 

Hardness    16.8  15.8 

Toughness     7  10 

Cementing  value 94  (Very  good)        Good. 

The  Waynesboro  Limestone  was  tested  from  the  quarry 
of  the  Potomac  Lime  and  Stone  Company,  at  Engle  Station, 
and  the  dolomites  from  the  Millville  quarries  of  the  Standard 
Lime  and  Stone  Company : 

Engle.  Millville. 

Weight  per  cubic  foot   (pounds) 168  175  178 

Pounds  of  water  absorbed  per  cubic  ft.     0.30         0.74         0.29 

Per  cent,  of  wear 4.5  4.4  3.7 

French  coefficient  of  wear 9.0  9.1         10.9 

Hardness ..    11.8         14.3         16.6 

Toughness   4  7  6 

Cementing    value 41  24  28 


CHAPTER  XVIII. 


IRON  ORES  AND  OTHER  MINERAL  RESOURCES 
OF  THE  EASTERN  PANHANDLE. 


IRON  ORES. 


Limonite  iron  ore  nodules  are  found  here  and  there  over 
the  limestone  area  of  Berkeley  and  Jefferson  Counties.  In 
some  of  the  fissures  of  the  limestone  they  may  become  quite 
abundant  in  a  narrow  belt  which  may  follow  the  trend  of  the 
limestone  for  considerable  distances.  They  represent  a  con- 
centration of  the  iron  from  circulating  waters,  and  are  usually 
quite  high  in  silica  and  low  in  iron  content.  Selected  nodules 
of  good  weight  will  show  an  iron  content  above  the  average. 
These  nodules  are  found  on  many  farms  in  the  area  and  they 
are  often  regarded  by  the  landowner  as  a  valuable  asset  of 
the  farm,  and  inquiries  are  often  made  as  to  their  value.  The 
total  quantity  is  never  large  and  there  is  no  encouragement 
that  they  would  continue  to  any  depth  or  increase  in  amount 
with  depth.  The  quantity  seen  on  the  surface  of  the  farm  is 
a  good  indication  as  to  total  quantity  and  would  very  seldom 
be  worth  mining  or  handling.  They  are  also  low  in  average 
content  of  metallic  iron.  It  must  be  remembered  that  iron  ores 
with  less  than  45  per  cent,  iron  and  of  this  grade  ore  would  not 
be  marketable  ;ii  the  presenl  lime  except  under  very  unusual 
conditions.  Many  of  these  ores  run  as  low  as  20  per  cent,  iron 
and  the  highest  found  was  less  than  40  per  cent,  iron  with 
much  -ilica. 

rson  County. — The  onlj  operating  iron  mine  in  the 
State  of  Wesl  Virginia  ;ii  the  present  time  is  located  on  the 
Potomac  River  in  Jefferson  County,  four  miles  above  Harpers 
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Ferry  at  a  point  named  Orebank,  and  it  is  reached  by  a  switch 
from  the  Baltimore  and  Ohio  Railroad  from  Engle  Station  by 
way  of  the  Bakerton  limestone  quarries.  This  mine  was 
opened  about  100  years  ago.,  and  is  now  owned  and  operated 
by  Joseph  E.  Thropp,  of  Everett,  Pennsylvania,  who  ships  the 
ore  to  the  furnace  at  Earlston  across  the  river  from  Everett, 
where  it  is  mixed  with  Lake  ores. 

This  ore  at  Orebank  is  mixed  with  the  red  clay  forming 
the  surface  cover,  1  to  20  feet  thick,  over  the  limestone  on 
many  acres  in  this  region.  The  open  fissures  of  the  limestone, 
2  to  25  feet  in  width,  are  filled  wTith  this  same  mixture  of  clay 
and  ore,  and  they  have  been  worked  out  to  a  depth  of  140  feet 
in  one  place.  In  these  fissures  also  occur  ledges  of  boulder 
brown  hematite  reaching  a  maximum  thickness  of  two  feet. 
The  surface  clay  and  ore  are  also  mingled  with  sandstone  and 
flint  water-worn  boulders  which  represent  an  old  river  terrace 
in  past  time. 

This  mixture  of  clay  and  ore  is  washed  in  two  double  log 
washers,  30  feet  long  and  7  feet  wide,  which  give  a  capacity 
of  40  to  50  tons  daily,  and  much  of  the  clay  is  thus  removed. 
The  working  force  includes  about  50  men  and  a  small  engine 
is  used  to  haul  the  ore  from  the  pits  to  the  washing  plant. 
Most  of  the  ore  shipped  is  the  washed  clay  ore,  but  the  boul- 
ders of  ore  from  the  fissures  are  also  loaded  and  form  a  very 
small  part  of  the  shipped  ore. 

The  following  analyses  were  made  in  the  Survey  labora- 
tory of  the  boulder  ore  and  the  washed  clay  ore : 

Jefferson  County. 

Lump  Washed 

Ore.  Ore. 

Moisture    0.27  0.40 

Loss  on  ignition..    10.03  9.88 

Silica    20.75  19.70 

Iron   oxide 58.87  63.04 

Lime   oxide 0.26  0.20  ..... 

Manganese  dioxide     1.40  0.39  ..... 

Sulphur    0.02  0.03  ..... 

Phosphorus    0.31  0.28  0.29  0.11 

Titanium  oxide  ....0.21  0 .  05  ..... 

In  Metallic  Iron.  .  .    41.21  44.14  54.77  38.63  50.80 

Just   east   of   the    Shenandoah    River,    south    of    Harpers 
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Ferry,  across  the  county,  there  is  a  series  of  iron  ore  deposits 
near  the  contact  of  the  limestones  and  the  Harpers  Ferry 
Shale.  This  ore  was  worked  at  the  old  Shenandoah  furnace 
which  is  still  standing  a  short  distance  up  the  road  at  Shan- 
nondale  Ferry.  A  sample  of  the  ore  was  taken  from  the  old 
pits  and  its  composition  is  shown  in  the  above  table.  Its 
iron  percentage,  50.8,  is  high  for  a  brown  hematite  ore,  and 
there  is  apparently  a  very  considerable  tonnage  yet  available 
in  this  section. 

The  washed  ore  is  of  fairly  high  iron  percentage  and  the 
impurities  are  low  except  the  silica.  The  phosphorus  is  too 
high  for  a  Bessemer  steel  but  could  be  used  in  the  open-hearth 
process.  This  washed  ore  is  very  close  to  the  average  compo- 
sition of  the  West  Virginia  iron  ores.  This  average  showed 
43.86  per  cent,  metallic  iron  and  19.48  per  cent,  silica,  as  de- 
termined from  70  samples  taken  in  the  different  iron  ore  dis- 
tricts of  the  State. 

Berkeley  County. — Just  south  of  Martinsburg  on  the 
Faulkner  farm,  near  the  limestone  quarries  of  the  Standard 
Lime  and  Stone  Company,  prospect  pits  were  sunk  many  years 
ago  to  a  deposit  of  brown  hematite  or  limonite  iron  ore  which 
attracted  considerable  attention  at  that  time  and  some  of  the 
ore  was  shipped  away.  This  ore  is  representative  of  the 
various  deposits  of  iron  ore  reported  from  the  farms  through 
the  county,  though  it  is  of  even  better  grade  than  many  of 
them. 

The  ore  is  a  limonite,  more  or  less  sandy,  and  found  in 
honeycomb  nodules  full  of  dirt  or  clay,  and  also  in  the  form  of 
pipes.  It  is  irregularly  distributed  and  apparently  not  in  any 
solid  body.  Tn  its  mining  there  would  have  to  be  moved  much 
more  dirt  than  ore,  and  probably  al  no  great  depth  the  ore 
would  play  out,  as  its  formation  is  due  to  surface  agencies. 

\-  the  pits  arc  followed  to  the  west  to  the  more  siliceous 
and  magnesian  limestone  outcrop,  the  ore  seems  to  disappear 
Similar  deposits  are  reported  north  of  town  to  the  west  oi  ih  • 
Security  quarries,  and  the  ore  appears  to  follow  a  line  some 
600  to  1.000  feel  wesl  of  the  high-grade  limestone.  Some  iron 
like  nodule  are  found  in  the  shales  and  often  are  called  iron 
ore  nodules.    They  contain  a  very  small  amount  of  iron  usually 
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in  the  form  of  sulphide  and  have  no  value.  Scattered  nodules 
of  loose  texture  limonite  or  bog  ore  occur  throughout  the 
limestone  area  and  appear  to  follow  no  regular  line. 

Morgan  County. — Back  of  Sir  Johns  Run  Station  in 
Morgan  County  are  outcrops  of  the  Clinton  red  hematite  iron 
ore  which  was  mined  some  years  ago  on  a  very  small  scale. 
This  ore  is  said  to  have  been  rather  high  in  metallic  iron  and 
of  very  good  quality,  but  the  seams  were  narrow,  one  being 
six  feet  and  the  other  two  feet  wide. 

The  following  analysis  shows  the  composition  of  this 
Clinton  Ore  from  the  old  pits  three-fourths  mile  south  of  Sir 
Johns  Run  Station  : 

No.   189 

Moisture    ■ 1 .66 

Loss  on  ignition 7.53 

Silica    22 .  69 

Iron    oxide 57 .  87 

Lime   oxide 0.22 

Phosphorus     0.41 

In  Metallic   Iron 40 .  48 

The  Clinton  Formation  usually  carries  these  seams  of 
iron  ore  and  in  some  other  parts  of  the  State  they  reach  a 
valuable  size  but  are  there  undeveloped  for  lack  of  railroad 
outlets.  The  Clinton  ore  is  the  basis  of  the  great  iron  and 
steel  industry  in  Alabama.  It  will  be  a  long  period  of  time 
before  these  ores  described  above  will  have  any  market  value, 
and  at  the  present  time  they  are  interesting  deposits  rather 
than  valuable.  There  are  very  valuable  deposits  of  iron  ores 
in  the  Counties  of  Hardy,  Hampshire,  and  Pendleton,  and  the 
natural  outlets  for  these  ores  would  be  through  the  eastern 
Panhandle  Counties.  If  railroads  are  built  to  these  ores  they 
will  probably  reach  the  main  line  roads  in  some  one  of  these 
three  counties,  and  then  either  be  shipped  to  outside  steel 
plants,  or  be  worked  into  iron  and  steel  products  in  this  area 

The  Eastern  Panhandle — A  Logical  Field  for  Iron  and  Steel 

Industries. 

The   writer   two   years   ago   prepared   an   article    for   the 
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Manufacturers  Record  calling"  attention  to  the  natural  advan- 
tages of  this  district  for  iron  and  steel  industries,  and  some  of 
these  factors  will  here  be  repeated: 

"West  Virginia  is  one  of  the  greatest  fuel  States  in  the 
Union,  and  yet  three-quarters  of  this  fuel  is  utilized  in  the  manufacture 
of  valuable  commercial  products  in  other  States,  causing  its  own 
rank  to  fall  to  29th  place  in  value  of  manufactured  products.  It  ships 
5,000,000  tons  of  coal  to  other  States  for  the  manufacture  of  coke  in 
those  districts  for  iron  and  steel  furnaces.  West  Virginia  coal  is  in 
large  demand  in  these  other  States  for  iron  and  steel  manufacture, 
while  at  the  same  time  there  are  present  in  the  State  attractive  and 
most  favorable  conditions  for  the  location  of  plants  of  large  size. 
It  does  seem  strange  that  the  great  opportunity  for  such  work  does 
not  result   in   greater   development   of  these  industries   at   home. 

"The  iron  and  steel  industries  are  rapidly  increasing,  and  new 
sources  of  ore  are  being  developed  in  this  country,  and  also  in  the 
countries  to  the  south  due  to  the  Panama  inlet  for  such  ores.  With 
the  advent  of  these  coastwise  shipments  and  their  lower  cost  ores, 
there  is  a  tendency  to  the  shifting  of  iron  and  steel  centers,  and  a 
consideration  of  plans  for  new  plants  on  gigantic  scale,  which  leads 
one  to  wonder  if  the  famous  Pittsburgh  district  will  in  the  future 
so  largely  dominate  this  industry  as  it  has  in  the  past.  In  this  shitt- 
ing of  centers,  eastern  West  Virginia  offers  a  most  inviting  field  for 
the  location  of  new  plants,  with  its  natural  and  logical  advantages 
for  this  work. 

"The  three  requisites  for  the  manufacture  of  iron  and  steel 
are — iron  ore,  fuel,  and  flux.  At  practically  all  the  Northern  iron 
and  steel  districts,  all  of  these  requirements  are  shipped  in  from 
more  or  less  distant  points,  and  the  finished  products  are  shipped  out 
to  more  or  less  distant  demand  centers.  The  freight  rates  from 
this  eastern  Panhandle  district  would  be  lower  to  eastern  cities  and 
to  tide-water  for  export  than  from  Pittsburgh,  and  as  to  low  as  from 
many  of  the  other  Pennsylvania  centers.  The  transportation  feature 
is  therefore  favorable  to  this  district. 

"Iron    Ore. — The    supply   of  iron   ore   for   the   Pittsburgh   district, 
Johnstown    and    the    Ohio   Valley    plants,    come   almost   entirely   from 
the    Lake    Superior    iron    mines.     In    the    mountain    counties    of    this 
stair,  are  large  deposits  of  brown  hematite  iron  ores,  approximately 
ated    at   185,000,000   tons,    which   only    wait    for   development   on 
the   construction    of   short    line    railroads    to    connect   with    main   line 
roads.     This  source  would  supply  ore  to  furnaces  in   this  area  over 
hauls    with    the   resultant   low   freights.     While    these   ores   are 
'or.  itiL-ii  in  phosphorus  for  Bessemer  steel,  they  are  suitable  for  open- 
hearth  steel  of  which  the  run  put  is  now  more  than  double  that  of  Bes- 
emer. 

"Another    factor    to    be    seriously    considered    is    lite    possibility    of 

Cuban  ore,  or  even  Chile  ore  in  this  section,  through  the  open- 

the   Panama   ''anal.     These  Cuban  ores  are  now    in  successful 

Baltimore  and   Steelton.     Wm.  Hard  In  articles  on   American 

condition!    Btated   a    lev    years   ago   thai    Tor   the  ore   from 

which  Iroi     i     made,   the   boundary    line   between    Cuba   and   the 

United  States  zigzag     through  the  United  States  from  a  point  on  the 

St.  Ci  In  Maine  to  a  poinl  on  the  Rio  Grande  In  Texas.'    He 
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further  stated  that  the  placing  of  iron  ore  on  the  free  list,  thereby 
removing  the  12  cents  per  ton  duty,  would  push  this  line  further 
westward  so  that  'Cuban  ore  will  soon  travel  well  into!  midmost  Penn- 
sylvania before  smashing  itself  against  the  lower  costs  of  the  native 
ore  coining  down  from  the  head  of  the  Great  Lakes.' 

"A  comparison  of  ore  costs  at  Johnstown,  Pa.,  will  illustrate 
this  viewpoint  set  forth  in  the  above  quotation.  Lake  Superior  ores 
cost  at  Johnstown  $4  per  ton  plus  $2.27  freight  or  a  total  of  $6.27. 
Cuban  ore  at  $4  and  freight  rate  of  $1.00  by  water  and  $1.40  by  rail, 
gives  a  total  cost  at  Johnstown  of  $6.40.  At  Harrisburg,  Pa.,  the 
cost  of  Cuban  ore  is  70  cents  per  ton  less  rail  freight  than  to  Johns- 
town, or  a  total  cost  there  of  $5.70  which  is  57  cents  a  ton  less  than 
the  cost  of  Lake  Superior  ore  at  Johnstown. 

"A  comparison  of  analyses  of  these  two  districts  is  not  unfavora- 
ble to  the  Cuban  ore.  Lake  Superior  ores  run  46  to  56  per  cent,  me- 
tallic iron  with  silica  2  to  6  per  cent,  and  phosphorus  0.04.  Cuban 
ores  run  45  to  52  per  cent,  metallic  iron,  2  to  5  per  cent,  silica,  and 
0.01  to  0.03  phosphorus.  The  Government  engineers,  after  an  ex- 
amination of  three  of  the  Cuban  properties,  estimated  that  they  con- 
tained 1,500,000,000  tons  of  available  ore.  About  1,500,000  tons  of 
these  ores  are  imported  a  year.  These  ores  could  be  brought  to  this 
portion  of  West  Virginia  as  low  and  possibly  lower  cost  than  the 
Lake  Superior  ores  at  western  Pennsylvania  centers. 

"Fuel. — The  most  important  mineral  product  in  this  State  is  fuel. 
At  the  present  time  heat  for  the  open-hearth  steel  furnace  is  usually 
supplied  as  producer  gas  made  from  coal.  Coal  for  this  purpose 
should  be  high  in  fixed  carbon  and  volatile  combustible  matter.  The 
best  coal  for  such  work  is  the  Pittsburgh  seam  and  the  best  portion 
of  this  seam  for  gas  manufacture  is  in  the  Fairmont  area  (W.  Va.). 
Two  to  four  producers  are  required  for  each  furnace,  the  number 
depending  on  the  size  of  the  furnace  and  on  the  style  .of  producer. 
By  this  process  about  550  pounds  of  coal  are  required  per  ton  of  steel. 

"In  the  blast-furnace  reduction  of  ore  to  pig  iron,  coke  is  the 
most  common  fuel.  It  requires  nearly  a  ton  of  coke  to  the  ton  of 
pig  iron.  The  average  in  the  Pittsburgh  district  is  around  1,800 
pounds  of  coke.  West  Virginia  contains  valuable  mines  of  coking 
coal  in  the  Fairmont  region,  Upper  Potomac  area,  and  in  the  New 
River  and  Pocahontas  fields.  The  total  production  of  coke  in  the 
State  is  about  two  and  a  half  million  tons  and  nearly  twice  that 
amount  is  made  from  West  Virginia  coal  in  other  States. 

"Nearly  all  the  State  plants  are  equipped  with  the  old-time  bee- 
hive ovens,  while  the  coke  from  this  coal  made  in  other  States  was 
in  by-product  ovens  so  that  the  gas,  tar,  etc.,  are  saved.  Connellsville 
coke  in  the  Pittsburgh  district  costs  $1.90  plus  70  cents  freight,  or  a 
total  of  $2.60  a  ton,  while  Fairmont  coke  delivered  in  this  eastern 
area  would  cost  $3.50  a  ton,  but  this  cost  would  be  greatly  reduced 
by  shipping  the  coal  to  by-product  plants  in  thus  same  area,  and  the 
resultant  cost  would  be  little  more,  if  any,  than  in  the  Pittsburgh 
district. 

"The  Pittsburgh  iron  and  steel  industry  has  resulted  from  natural 
conditions,  being  central  to  the  large  area  of  Connellsville  coking 
coal,  and  150  miles  from  lake  ports  which  are  reached  by  the  ore 
laden  vessels  with  their  low  water  tariff,  natural  conditions  that  are 
now  almost  duplicated  by  West  Virginia  locations.  But  the  great 
Connellsville  coking  field  seems  to  have  reached  its  culmination  in 
production,  and  experts  have  predicted  its  exhaustion  within  the  next 
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20  years.  Each  year  a  number  of  ovens  are  abandoned  and  new 
tracts  sought  for  development.  With  a  decreasing  supply  there 
will  follow  an  increasing  cost,  and  the  supply  of  coal  and  coke  from 
this  State  will  be  drawn  upon  more  and  more.  These  West  Virginia 
coals  are  now  shipped  to  Ohio,  and  even  as  far  West  as  Gary,  Indiana, 
for  the  steel  furnaces.  Necessity  has  caused  the  coal  of  this  State 
to  follow  the  steel  furnaces,  why  not  the  reverse,  that  the  steel 
furnaces  locate  nearer  the  coal  supply? 

"Limestone  Flux. — It  requires  1,000  to  1,500  pounds  of  limestone 
to  flux  one  ton  of  Lake  Superior  ore  in  the  blast-furnaces  at  Pitts- 
burgh where  nearly  three  million  tons  are  used  annually.  It  requires 
180  to  200  pounds  of  very  pure  limestone  to  the  ton  of  steel  in  the 
open-hearth  furnaces.  The  available  quantity  of  high-grade  lime- 
stone in  the  eastern  counties  of  West  Virginia  is  practically  unlimited, 
and  is  shipped  in  large  quantities  to  the  Pittsburgh  District.  The 
limestone  is  sold  at  55  cents  a  ton  and  the  freight  rate  to  Pittsburgh 
is  65  cents  a  ton,  or  a  total  delivered  price  of  $1.20  a  ton,  and  it  has 
been  shipped  to  central  Ohio  with  a  freight  rate  of  $1.40  a  ton.  Iron 
and  steel  plants  located  in  this  section  would  secure  their  supply  of 
fluxing  stone,  without  freight,  thus  saving  this  item  of  expense. 

"The  natural  advantages  for  the  location  of  iron  and  steel  plants 
in  this  portion  of  West  Virginia  are  most  favorable..  Such  plants 
would  be  located  near  the  fuel  and  flux  deposits,  with  a  source  of 
native  ores  close  at  hand,  and  Cuban  and  South  American  ores  cost- 
ing delivered  no  more  than  the  ores  at  Pittsburgh.  The  cost  of  the 
raw  materials  for  a  ton  of  pig  iron  in  the  two  districts  at  the  present 
time  using  Cuban  ores  in  this  section  would  be  approximately: 

FittsTburg-h.  Martinsfourg1. 

Iron    Ore $   9.25  $   9.00 

Coke 2.10  2.80 

Limestone 0.75  0.40 


$12.10  $12.20 

"In  this  estimate  the  cost  of  limestone  was  figured  as  obtained 
close  at  hand  in  the  two  localities,  there  being  a  slight  freight  charge 
in  the  Pittsburgh  district  and  none  at  Martinsburg  as  the  plants  could 
be  located  near  the  limestone.  By  the  use  of  by-product  ovens  at  the 
eastern  plants  the  coke  cost  would  be  lowered,  so  that  the  actual  cost 
would  be  less  than  at  Pittsburgh.  There  should  also  be  taken  into 
account,  the  lower  freight  rates  from  this  West  Virginia  location  to 
eastern  markets  and  to  tide-water,  which  would  be  a  very  important 
Item   in  competition  with  the  western  Pennsylvania  plants. 

"Willi  the  rapid  growth  of  the  American  iron  and  steel  industry, 
and  with  the  advent  of  low  cost  ores  at  the  Atlantic  border,  new  iron 
and  steel  plants  will  doubtless  be  constructed  in  the  East,  and  of  all 
iln'  available  Localities,  it  would  be  almost  impossible1  to  find  one 
with  greater  natural  advantages  than  this  eastern  section  of  West 
Virginia,  which  is  the  logical  Held  tor  iron  and  steel  industries." 

BUILDING  STONE. 

In   Morgan  County  there  is  a  variety  of  sandstones  and 
In. :•    ■  available   for  building   stone.     The    Pocono   hard 

sandstones  would  prove  must  durable  in  construction,  though 
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rather  hard  to  work.  The  Purslane  member  was  quarried  at 
one  time  near  Orleans  for  use  in  bridge  piers  on  the  Baltimore 
and  Ohio  Railroad.  There  is  another  group  of  these  hare] 
sandstones  in  the  Medina  Sandstone  of  Cacapon  and  North 
Mountains,  and  also  the  Keefer  Sandstone.  Through  the 
Devonian  Shales  occur  sandstones  which  are  soft  and  probably 
less  durable  in  heavy  work,  but  which  are  used  locally  for 
foundations  of  houses  and  barns.  The  Oriskany  Sandstone  is 
too  friable  for  building  stone  in  most  of  its  outcrops.  In  this 
county  also  occur  the  limestones  of  the  Helderberg  and  the 
more  flaggy  Bossardville.  These  have  been  used  for  founda- 
tion work  and  also  in  building  stone  houses.  No  large  quar- 
ries have  been  opened  in  the  county  but  the  stone  is  quarried 
as  needed  from  small  openings.  The  sandstone  near  the  top 
of  the  Hamilton  is  very  hard  and  resistant  with  a  greenish 
cast  and  is  available  in  many  sections.  There  are  also  some 
very  pleasing  shades  of  red  sandstone  in  the  Catskill  as  well 
as  green  sandstones  which  come  out  in  large  blocks.  This 
massive  phase  of  the  Catskill  Sandstones  is  well  shown  in  the 
new  cuts  of  the  railroad  in  the  western  part  of  the  county. 
The  color  does  not  appear  to  be  permanent  and  the  rock  tends 
to  weather  shaly,  which  would  be  the  disadvantages  of  thiV 
rock. 

In  Berkeley  County  the  main  source  of  building  stone 
would  be  the  limestones,  which  are  available  almost  every- 
where. This  limestone  in  very  old  buildings  shows  its  resis- 
tance to  the  weather  and  proves  it  to  be  a  most  durable  stone. 
It  occurs  in  various  shades,  white,  blue,  and  black.  It  is  a 
hard  rock,  but  readily  worked  into  shapes.  The  pure  lime- 
stone makes  a  very  pleasing  stone,  and  has  been  used  in  a  num- 
ber of  buildings  at  Martinsburg,  but  it  is  difficult  to  work  into 
shapes  on  account  of  its  brittle  character,  as  it  spalls  badly 
under  the  hammer.  In  the  lower  limestone  formation,  the 
Conococheague,  are  masses  of  oolitic  limestone  that  would 
probably  work  into  ornamental  finish  stone.  The  oolite  lime- 
stone of  Bedford  County,  Indiana,  is  shipped  in  car-load  lots 
all  over  this  country,  and  there  is  a  constant  demand  for  it  as 
an  ornamental  trimming  stone,  even  with  its  high  freight  cost. 
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These  Berkeley  County  oolitic  limestones  are  much  harder 
than  the  Indiana  stone  and  would  not  work  to  as  good  ad- 
vantage on  account  of  the  hardness,  but  they  offer  an  oppor- 
tunity to  secure  an  artistic  finish,  and  when  polished,  almost 
a  marble  effect. 

There  are  a  number  of  old  limestone  buildings  in  the 
county  dating  back  a  hundred  years  or  more,  and  the  stone 
looks  like  it  had  been  recently  quarried.  At  the  present  time 
very  little  limestone  is  quarried  in  the  county  except  for  foun- 
dation work.  On  North  Mountain  there  is  a  red  to  deep- 
brown  sandstone  of  the  Medina  Formation  that  would  appear 
from  some  of  its  outcrops  to  be  durable. 

In  Jefferson  County,  the  limestones  are  also  available  and 
have  been  used  in  many  old  stone  houses  and  for  foundations. 
The  Antietam  and  Weverton  Sandstones  are  hard  and  appar- 
ently durable  rocks.  In  this  county  there  are  no  large  build- 
ing stone  quarries  and  the  stone  is  obtained  as  needed  for  local 
use  from  small  openings.  White  and  bluish-white  marbles 
occur  through  the  Waynesboro  Formation. 

Building  stone  in  great  variety  and  in  abundance  is  avail- 
able in  the  three  counties,  but  the  development  of  this  indus- 
try so  far  is  very  small,  and  there  are  no  large  building  stone 
quarries,  so  no  shipments  out  of  the  counties.  There  is  an 
opportunity  for  a  large  business  along  this  line,  and  if  quarries 
were  opened  on  some  of  these  sandstones  and  limestones  and 
the  products  properly  advertised,  doubtless  a  profitable  busi 
ness  would  result.  The  working  of  some  of  the  ornamental 
trimming  stone  is  worthy  of  an  investigation. 

COMMERCIAL  SLATE. 

Tlic  Martinsburg  Shale  in  1904  and  1905  attracted  some 
attention  as  a  basis  of  a  possible  slate  industry.  Several  con1 
parries  were  organized  and  options  taken  on  lands  available  to 
the  railroad.  A  considerable  amount  of  money  was  expended 
and  finally  the  companies  allowed  ibcir  options  to  expire  and 
interest  waned.  The  most  extensive  development  was  made 
by  the  Shenandoah  Slate  Company,  of  Washington,  D.  C, 
which  opened  a  quarry  65  feel  deep  and  equipped  ;i  small  mill 
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with  sawing,  grinding,  and  polishing  machinery.  The  slate 
was  used  in  interior  construction  work  with  satisfactory  re- 
sults. Large  slabs  were  obtained  and  took  a  good  polish. 
When  exposed  to  the  weather  the  slate  showed  a  tendency  to 
crack  and  disintegrate  on  the  surface,  giving  a  cracked  and 
scaly  appearance.  It  was  hoped  by  the  promoters  of  the  in- 
dustry that  the  quality  would  improve  with  depth,  and  that  a 
good  quality  of  roofing  slate  would  thus  be  found.  The 
process  of  alteration  of  the  shales  into  slate  by  the  pressure 
involved  in  the  folding  of  the  rocks  was  evidently  not  complete 
enough  to  form  a  roofing  slate.  All  the  available  evidence 
appears  to  be  conclusive  that  these  so-called  slates  are  with- 
out value  as  roofing  slate,  but  would  probably  have  a  value 
for  interior  work  as  structural  slate.  Whether  it  would  be 
profitable  to  establish  works  for  this  purpose  alone  is  ver 
doubtful  when  taken  in  competition  with  the  long-established 
works  in  Pennsylvania  and  other  eastern  States. 

The  chemical  composition  of  this  slate  from  the  deep 
quarry  at  65  feet  is  shown  in  the  following  Survey  analysis, 
and  for  comparison  an  analysis  of  the  famous  Peach  Bottom, 

Pennsylvania,  slate,  as  made  by  McCreath,  is  added : 

Peach 
Martinsburg.        Bottom. 

Silica     53 .  30  55 .  88 

Alumina    18.16  21.85 

Iron    oxide 6.53  9 .  03 

Lime   oxide 4.89  0.155 

Magnesium    oxide 2.65  1 .  495 

Sodium    oxide 0.52  0.46 

Potassium   oxide 3 .  70  3 .  64 

Titanium    0.24  1.27 

The  silica-alumina  ratio  in  the  Martinsburg  slate  is  2.93 
to  1,  and  in  the  Peach  Bottom  slate,  2.55  to  1.  The  magnesia, 
and  especially  the  lime,  are  higher  in  the  Martinsburg  slate, 
and  the  lime  is  probably  to  a  large  extent  responsible  for  the 
cracking  of  the  slate  on  weathering.  Except  for  the  lime  there 
is  quite  a  resemblance  in  the  chemical  composition  of  the  two 
slates,  and  the  great  and  important  difference  except  in  the 
lime  is  probably  to  be  found  in  the  physical  structure  in  the 
much  less  complete  alteration  of  the  shale  into  slate  in  the 
Martinsburg  area. 
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In  1906  Mr.  T.  Nelson  Dale  published  a  bulletin  on  the 
slate  deposits  of  the  United  States  and  gave  therein  a  brief 
account  of  these  so-called  slates  in  West  Virginia.  This  ac- 
count was  included  in  Bulletin  275  (pp.  119-122).  The  de- 
scription was  repeated  in  Mr.  Dale's  second  bulletin  on  this 
subject  issued  in  1914  b}^  the  U.  S.  Geological  Survey  (No. 
586,  pp.  164-166),  in  which  he  holds  the  same  opinion  of  the 
value  of  the  deposits  as  given  in  the  first  bulletin.  A  reprint 
of  this  article  is  given  in  the  West  Virginia  Geological  Survey 
report,  Volume  IV,  pages  392-396. 

Mr.  Dale  described  the  deep  slate  quarry  of  the  Shenan- 
doah Slate  Co.,  as  examined  in  May,  1904.  It  was  100  feet 
long  on  the  strike  (northeast-southwest),  70  feet  wide,  and  75 
feet  deep,  the  surface  weathered  portion  extended  down  for 
25  feet.  The  strike  of  the  slate  or  shale  was  N.  25°  E.,  and  dip 
of  15  degrees  S.  65°  E.  The  cleavage  planes  dipped  in  the 
same  direction  75  degrees.  He  stated  the  slate  beds  were 
small  and  separated  by  darker  ribbons,  the  thickest  bed  being 
3  feet  6  inches.  A  diamond  drill  hole  put  down  40  feet  below 
the  bottom  of  the  quarry  showed  several  three-foot  beds. 
The  analysis  of  the  material  showed  a  lower  lime  percentage 
than  the  samples  tested  in  the  Survey  laboratory  as  given 
above.  He  found  1.11  per  cent,  lime  oxide  and  62.71  per  cent, 
silica,  with  19.40  per  cent,  alumina.  He  describes  the  different 
openings  around  Martinsburg  and  found  they  varied  in  lime 
percentage  at  different  places,  but  this  element  was  usually 
rather  high,  and  he  found  the  amount  of  crystallization  in  the 
slates  but  slight  as  examined  by  the  microscope. 

Mr.  Dale  describes  the  slate  in  the  deep  quarry  mentioned 
above  as  follows : 

"The  slate  is  black,  wiih  a  slightly  brownish  hue.  The  texture  is 
somewhat  fine  and  the  cleavage  surface  roughish,  without  any  lustre 
whatever.  The  material  is  carbonaceous  rather  than  graphitic,  con- 
tains  a  little  magnetite,  shows  pyrite  on  the  sawn  edge,  effervesces 
with  cold  dilute  hydrochloric  acid  bu1  less  in  the  ribbon,  is  somewhat 
sonorous,  and  has  an  argillaceous  odor.  Under  the  microscope,  it 
shows  a  matrix  consisting  of  carbonate  and  carbonaceous  matter,  and 
therefore  without  aggregate  polarization,  bu1  a  cleavage  consisting 
in  the  parallel  arrangemenl  of  the  carbonate  and  carbonaceous  matter 
in  alternating  band.;,  a  very  carbonaceous  bed  (ribbon)  crosses  the 
>  an  angle  oi  36  degrees.  There  arc  abundant  angular 
quartz  grain    up  in  nor,  millimeter;  scales  of  chlorite  Interleaved  with 
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muscovite,  and  some  of  muscovite  only;  spherules  of  pyrite  up  to 
0.01  millimeter,  numbering  from  6,500  to  11,000  to  the  square  milli- 
meter. Rutile  was  not  observed.  The  amount  of  carbonate  differs 
in  different  beds.  It  may  be  so  abundant  as  to  completely  obscure 
the  sericitic  matrix.  Some  of  the  sections  parallel  to  the  cleavage 
show  almost  as  much  muscovite  as  carbonate,  and,  curiously,  a  faint 
aggregate  polarization  parallel  to  the  bedding  or  the  grain. 

'The  constituents  of  this  slate,  named  in  descending  order  of 
abundance,  appear  to  be,  muscovite  (in  places  almost  equal  in  amount 
to  carbonate),  quartz,  kaolin,  pyrite,  carbonacous  matter,  chlorite,  and 
magnetite.  This  is  a  clay  slate.  The  amount  of  carbon  dioxide  in 
this  slate  was  determined  by  George  Steiger,  of  the  United  States 
Geological  Survey,  at  1.94  per  cent." 

Mr.  Dale  concludes  from  his  studies  on  these  slates  near 
Martinsburg  that : 

"Although  the  proportions  of  carbonate  and  muscovite  vary  in 
these  slates,  none  of  them  show  a  complete  sericitization  of  the  matrix. 
They  are  all  clay  slates.  The  material  can  therefore  hardly  possess 
sufficient  fissility  or  prove  sufficiently  strong  or  elastic  to  compete 
with  mica  slates  for  roofing.  Furthermore  the  amount  of  carbonate 
shown  by  the  microscope,  as  well  as  the  mode  of  weathering  in  the 
outcrops,  indicates  its  probable  discoloration  on  prolonged  exposure, 
so  that  it  belongs  in  the  'fading'  group  of  clay  slates.  But  these  char- 
acteristics do  not  affect  it  serviceableness  for  indoor  uses." 

Mr.  Dale  is  the  slate  expert  of  the  Government  Surve)? 
and  is  probably  the  best-posted  man  in  this  country  on  the 
subject  and  value  of  slates,  having  had  long  years  of  experi- 
ence in  this  work.  He  made  a  most  careful  study  of  this  field, 
visiting-  all  the  most  promising  openings,  and  his  conclusions 
are  to  be  accepted.  It  is  unfortunate  that  the  slates  did  not 
prove  as  valuable  as  the  promoters  of  the  companies  had 
hoped.  There  is  to-day  an  impression  among  some  of  the 
owners  of  these  slate  lands  that  they  will  yet  prove  valuable 
roofing  slates,  but  other  uses  for  these  shales  must  be  sought, 
and  they  will  be  found  in  the  manufacture  of  cement,  and  the 
surface  portions  at  least  are  valuable  for  brick  manufacture. 

SAND  AND  GRAVEL. 

Outside  of  the  great  sand  industry  at  Berkeley  Springs 
described  in  a  preceding  Chapter,  there  are  other  sources  of 
building  sand.  In  many  parts  of  the  area,  the  Oriskany  Sand- 
stone quarried  at  Berkeley  Springs  is  found  on  outcrop  to  be 
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weathered  to  sand  or  in  a  crumbly  state  so  it  could  be  readily 
crushed.  It  is  too  high  in  iron  for  glass-sand  in  these  other 
sections,  but  would  make  a  good  building  sand. 

In  some  of  the  mountain  outcrops  the  Purslane  Sandstone 
has  weathered  to  a  sand  quite  white  in  color.  The  Medina 
White  Sandstone  also  in  places  weathers  to  a  nearly  white 
sand.  Some  of  the  impure  brown  or  buff  sandstones  of  the 
Devonian  and  other  formations  of  the  area  crumble  to  a 
brownish  sand  of  good  grit  and  suitable  for  building  sand. 
Sand  is  used  in  Martinsburg  as  building  sand  that  is  secured 
from  the  weathered  sandstones  along  the  upper  slopes  of 
North  Mountain.  There  is  thus  available  a  large  amount  of 
building  sand  at  various  places  in  the  area,  though  they  are 
only  used  periodically  for  a  few  buildings  here  and  there  near 
the  outcrops  or  with  short  wagon  haul.  Most  of  the  building 
sand  used  in  the  towns  and  cities  is  shipped  in  from  Berkeley 
Springs  or  from  the  river  sand  works  on  the  Maryland  side  of 
the  Potomac  near  Williamsport  Station. 

In  many  of  the  creek  valleys  there  is  a  deposit  of  sand  that 
is  also  used  locally.  Near  Harpers  Ferry  considerable  sand 
has  been  obtained  from  the  river  and  shipped  to  other  points 
in  the  area.  The  Berkeley  Springs  sand  costs  at  Martinsburg 
75  cents  a  ton  plus  40  cents  freight  or  a  total  of  $1.15. 

River  gravels  are  found  at  various  places  on  high  level 
terraces  along  the  Potomac  and  Shenandoah.  Some  of  these 
gravel  deposits  appear  to  have  good  depth  and  with  the  ele- 
vation above  the  railroads  could  be  loaded  by  gravity.  A 
gravel  washing  plant  with  screens  would  furnish  an  abundant 
and  cheap  supply  of  this  gravel  for  various  lines  of  concrete 
work.  In  Baltimore  and  Washington  large  quantities  of 
gravel  are  used  in  concrete,  and  the  industry  is  prominent  in 
many  sections  of  the  country.  Some  engineers  prefer  gravel 
for  concrete  and  claim  it  makes  a  stronger  body.  The  low 
prices  on  gravel  would  probably  not  permit  it  to  be  shipped 
to  any  distanl   points,  bu1  il   should  prove  valuable  for  local 

and  could  be  shipped  shorl   distances.     No  attempl   lias 

been  made  to  develop  this  industry  in  this  area. 

In  the  Waynesboro  and  Elbrobk  Formations,  there  are 
outcrops  of  soft,  lighl  weight,  yellow  sandstone,  which  crum 
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bles  between  the  fingers  and  resembles  a  tripoli  or  polishing 
sand.  On  analysis  it  is  found,  however,  to  run  high  in  mag- 
nesium and  alumina. 

Sample  No.  150  is  from  the  Elbrook  Formation  about  oiiv. 
mile  southwest  of  Uvilla  in  Jefferson  County.  No  175  is  also 
from  the  Elbrook,  and  it  was  taken  just  east  of  the  Berryville 
road,  one  and  a  half  miles  due  south  of  Charlestown : 

No.  150.  No.  175. 

Silica    ■ 57 .  33  54 .  81 

Iron  oxide 6.10  t> .  85 

Alumina  oxide 19.06  14.99 

Lime    carbonate 1 .  87  2 .  64 

Magnesium  carbonate 12.29  21.22 

Loss  on  ignition 3.65         


100.30         10.51 
WATER-POWER. 

The  various  streams  of  the  area  coming  from  the  higher 
lands  of  the  mountain  districts  have  a  high  rate  of  fall,  but 
usually  a  fluctuating  volume.  In  their  stage  of  high  waters 
they  would  furnish  much  power,  but  it  would  not  be  reliable 
unless  dams  were  constructed  in  the  mountain  areas  to  hold 
back  this  surplus  water  and  so  give  a  uniformly  distributed 
supply.  Under  these  artificial  conditions,  there  would  be 
available  water-power  in  many  sections. 

In  a  few  places  large  springs  have  been  used  to  furnish 
power  by  an  overshot  water-wheel  for  farm  use,  with  the  re- 
sulting convenience  and  value  to  the  owner.  One  of  these  is 
seen  near  Ziler  Ford  in  Morgan  County,  and  another  at  Har- 
land  Spring  in  Berkeley  County.  There  are  a  number  of  large 
springs  in  the  area  that  could  be  used  in  a  similar  way  at  little 
cost  and  would  be  of  much  service  on  the  farm. 

Cacapon  River  has  good  fall  and  a  large  volume  of  water 
and  would  furnish  water-power  at  various  places  along  its 
line.  It  is  used  at  present  a  short  distance  south  of  Great 
Cacapon  Station  by  the  Northern  Virginia  Power  Company. 
At  this  place  there  is  a  large  and  narrow  horseshoe  bend  which 
is  cut  through  near  the  beginning  of  the  bend  by  a  tunnel  and 
ditch  or  canal.     A  15-foot  dam  in  the  river  channel  impounds 
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the  water  and  deflects  it  through  this  tunnel  with  a  resultant 
fall  of  18  feet.  The  power-plant  generates  750  horse-power 
and  the  current  is  transmitted  to  Great  Cacapon,  Berkeley 
Springs,  Hancock,  and  Martinsburg,  and  the  small  towns  along 
the  way. 

On  the  Potomac  there  are  two  electric  power-plants  oper- 
ated by  the  Martinsburg  Power  Company.  One  of  these  is 
northeast  of  Little  Georgetown,  and  the  other  near  Shepherds- 
town. 

On  the  Potomac  below  Shepherdstown  the  old  cement 
mill  had  a  dam  which  furnished  1,000  horse-power,  and  if  built 
higher  would  give  a  considerable  increase  in  power.  No  use 
is  made  of  this  dam  at  the  present  time. 

On  the  Shenandoah  River  above  Millville  in  Jefferson 
County,  the  Northern  Virginia  Power  Company,  of  Winches- 
ter, has  a  large  electric  power-plant  and  furnishes  power  and 
lights  to  Charlestown,  Winchester,  Martinsburg,  and  various 
towns  in  the  two  counties  as  well  as  to  different  quarries. 

This  electric  power  available  in  this  eastern  area  means 
much  to  the  convenience  and  pleasure  of  its  citizens,  and  alsc 
offers  great  advantages  to  the  location  of  manufacturing 
plants.  The  present  companies  have  an  abundant  supply  of 
this  power  and  for  further  safety  in  furnishing  a  regular  supply 
to  their  consumers,  they  have  established  steam  auxiliary 
plants  to  supply  the  current  in  case  of  low  water,  or  other 
accidental  conditions  which  would  interrupt  their  river  power 
service.  The  power  is  supplied  at  very  reasonable  cost,  and 
the  companies  using  the  power  have  had  no  cause  for  com- 
plaint by  failure  of  current. 

As  to  comparative  cost  of  this  power  with  that  of  coal, 
the  writer  made  some  calculations  for  a  limestone  operation 
a  few  years  ago,  based  on  a  daily  output  of  3,000  tons  of  stone, 
and  the  results  follow: 

Direct  Steam  Power.-  -In  the  use  of  direct  steam  power 
with  Georges  Creek  Coal  from  Cumberland,  costing  at  Mar- 
tinsburg $2. SO  a  ton,  it  would  require  100  pounds  of  coal  to  the 
hour  for  100  borsc-power. 

\  3,000  ton  daily  capacity  limestone  plant  would  require 
700  horse  power,  which  would  then  consume  11  tons  of  coal  in 
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ten  hours.     In  addition,  the  banking  of  the  fires  at  night  (14 

hours)  would  require  about  one  pound  of  coal  per  horse-power 

an  hour,  or  14  pounds  each  night  per  horse-power  in  this  size 

plant.     This  would  amount  to  4.9  tons   (9,800  pounds),  or  a 

total  daily  coal  consumption  of  18.9  tons.     This  coal  would 

cost  about  $2.80  a  net  ton,  as  the  extra  pounds  on  the  gross 

ton  would  about  equal  the  cost  of  unloading  the  coal  from  cars. 

The  cost  then  for  coal  in  this  3,000-ton  plant  daily  would 

be  $52!92,  or  1.764  cents  a  ton.     This  steam  plant  would  cost 

at  least  $50,000,  on  which  there  would  be  the  following  annual 

fixed  charges : 

Per  cent. 

Depreciation    5 

Interest    6 

Taxes   1 

Repairs  1.5 

13.5 

Fixed  charges  then  would  be  $6,750  a  year,  or  daily,  $22.50. 

There  would  also  be  the  running  charges  of  an  engineer 
($90  a  month),  fireman  at  $1.50  a  day,  oil  at  $5  a  month,  sup- 
plies at  about  $10  a  month,  or  a  total  annually  of  $1,230,  or 
daily,  $4.10.  The  total  charges  or  cost  on  a  3,000-ton  plant 
per  day,  and  per  ton  of  stone  would  be : 

For    Coal $52.92 

Fixed  Charges 22.50 

Running    Charges -.- 4.10 

$79.52,  or   .0265  per 
ton  of  stone. 

By  use  of  a  steam  turbine  plant,  the  cost  of  the  plant 
would  be  about  $60,000,  making  the  fixed  charges  $8,100  a 
year  with  running  charges  about  the  same  as  in  the  steam 
plant.  The  fuel  consumption  would  be  decreased  to  about  12 
tons  a  day  for  this  size  stone  plant.  The  total  daily  cost 
would  be  $60.20,  or  2  cents  a  ton  of  stone. 

By  use  of  purchased  electric  power,  the  necessary  motors 
would  cost  about  $15,000  which  with  interest  and  depreciation 
of  12  per  cent,  a  year  would  make  the  fixed  charges  $1,800  a 
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year  or  six  dollars  a  da)r.  The  power  required  daily  would  be 
approximately  1,650  kilowatt-hours,  and  at  a  price  of  2  cents 
per  K.  W.-hour  would  cost  daily  $33.00.  The  daily  cost  of 
power  including  the  fixed  charges  would  be  $39.00,  or  1.3 
cents  per  ton  of  stone. 

The  cost  then  of  power  by  the  three  methods  would  be  as 
follows : 

Direct  steam  power 2.65  cents  per  ton  of  stone 

Steam  Turbine 2.0     cents  per  ton  of  stone 

Purchased  electric  power   (2c 

K.W.-hr.)    1.3     cents  per  ton  of  stone 

The  electric  power  according  to  these  estimates  is  cheaper 
when  in  operation  at  full  capacity,  but  when  running  belo- 
this  capacity  there  is  a  lower  minimum  charge  that  represents 
a  lower  cost,  while  "with  the  steam  plant  the  cost  will  be  prac 
tically  the  same  whether  at  full  capacity  or  not.  The  electric 
power  is  also  more  convenient  in  distribution  and  handling 
through  the  plant.  With  this  steady  and  abundant  electric 
power,  this  area  is  especially  favorable  for  location  of  indus- 
tries, and  there  is  the  possibility  of  development  of  other 
water-powers  along  the  streams  and  rivers  of  the  area. 

MINERAL  SPRINGS. 

A  very  considerable  portion  of  the  rain-water  which  falls 
upon  the  land  sinks  into  the  ground,  and,  as  the  rocks  are  more 
or  less  porous  and  traversed  by  joints,  the  water  moves  down- 
ward until  it  encounters  an  impervious  rock  or  other  obstruc- 
tion. Much  of  this  water  usually  issues  at  the  surface  in 
springs.  Where  the  impervious  layer,  to  which  the  water 
passes,  comes  to  the  surface  at  some  point  in  outcrop,  the 
water  following  that  stratum  will  flow  out  as  surface  springs, 
ill'-  m<  I  i  ■. Minion  of  springs.  Fissure  springs  arc  found  where 
the  water  comes  from  below  through  some  deep  fissure  open- 
ing and  may  come  from  very  considerable  depths. 

\ll  springs  are  mineral  springs  and  contain  mineral  matter 
lution,  the  character  of  the  mineral  contenl  depending  on 
the  nature  of  the  rocks  through  which  the  water  has  pas: 
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on  its  journey  to  the  surface.  The  amount  of  mineral  matter 
in  solution  will  depend  on  the  temperature  of  the  water,  the 
presence  of  carbonic  acid  gas  and  vegetable  or  humous  acids 
present,  and  the  solubility  of  the  rocks.  The  spring-water 
will  contain  a  variety  of  minerals  and  some  one  mineral  will 
usually  be  predominant  and  characteristic  of  the  spring  which 
is  then  named  from  its  most  prominent  mineral  or  from  the  one 
supposed  to  give  certain  medicinal  value.  Saline  springs  are 
common  salt  waters,  calcareous  springs  are  high  in  lime,  iron 
springs  are  called  chalybeate,  and  sulphur,  lithia,  and  other 
springs  are  found.  When  the  spring-water  is  supposed  to  have 
valuable  medicinal  effects  they  are  called  medicinal  springs. 

In  this  eastern  Panhandle  area  there  are  springs  almost 
without  number,  some  of  which  are  large  enough  to  supply  a 
town  and  city  water-supply,  and  by  their  volume  of  flow  form 
streams  of  considerable  size.  Many  of  these  springs  have  a 
pronounced  mineral  taste,  others  without  taste  are  yet  strong 
mineral  springs.  Iron  springs  and  sulphur  springs  are  numer- 
ous. Some  of  the  well-known  ones  are  near  Bedington,  east 
of  Martinsburg,  and  seven  miles  southeast  of  Martinsburg, 
which  are  quite  strong  in  sulphur.  Iron  springs  are  very  com- 
mon through  the  Devonian  Shale  country.  Most  of  these  sul- 
phur and  iron  springs  are  not  well  known  outside  of  the  imme- 
diate district,  but  by  development  and  advertisement  might 
become  very  profitable  investments.  Their  waters  are  equal 
to  some  of  the  widely  known  American  medicinal  springs. 
Nearly  every  farm  in  the  area  has  good  spring-water  availa- 
ble. The  city  of  Martinsburg  secures  its  water-supply  in  high 
degree  of  purity  from  springs  to  the  west  of  the  city.  Most 
of  the  small  settlements  are  built  around  a  town  spring. 

In  only  two  localities  in  the  area  have  the  springs  been 
famous  over  the  country.  One  of  these  and  the  most  noted  is 
the  Warm  Springs  at  Berkeley  Springs,  which  has  been  a 
famous  resort  since  the  days  of  Washington.  From  beneath 
the  Warm  Spring  Ridge  issue  a  series  of  warm  springs  with  a 
natural  temperature  of  73°  F.  When  the  town  was  first 
chartered,  the  springs  were  reserved  for  the  benefit  of  man- 
kind, and  they  with  the  surrounding  ground  are  owned  by  the 
State.     This  was  a  famous  resort  before  the  Civil  War  and 
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afterward.  There  were  large  and  commodious  hotels  later  de- 
stroyed by  fire.  At  the  ^resent  time  there  is  a  spring  pavilion, 
two  large  bath-houses,  while  in  the  town  are  good  hotels  and 
boarding-houses  and  many  people  seek  this  resort  for  pleasure 
and  health. 

The  flow  of  water  through  these  springs  is  estimated  at 
j  000  gallons  per  minute  and  the  outflow  forms  a  large  volume 
of  water  in  the  Warm  Spring  Run.  The  water  is  also  pumped 
through  the  town  and  is  the  municipal  water-supply.  An 
analysis  of  the  water  from  these  springs  made  by  J.  H.  Dickson 
is  given  in  the  Pawpaw-Hancock  Folio  by  Stose,  as  follows : 

Grains 
per  Gallon. 

Iron    0 .  506 

Lime  carbonate 9 .  577 

Magnesium  carbonate 1 . 951 

Lime   sulphate 1 .  098 

Sodium  chloride   (common  salt) 0 .  244 

Silica    0.122 

13.498 

While  the  percentage  of  mineral  matter  in  this  water  is 
low  compared  with  many  springs,  it  is  found  to  be  very  bene- 
ficial in  certain  disorders  of  the  stomach  and  in  some  nervous 
disorders,  and  very  helpful  in  many  cases  of  rheumatism. 

The  other  locality,  which  was  a  noted  resort  many  years 
ago,  but  in  more  recent  years  appears  to  have  fallen  into  the 
background,  is  at  the  Shannondale  Spring,  located  five  and  a 
half  miles  from  Charlestown  in  Jefferson  County.  There  are 
three  springs  and  the  temperature  of  the  water  is  55°  F.  The 
three  springs  differ  and  are  described  as,  a  chalybeate  or  iron, 
a  red  sulphur,  and  a  blue  sulphur.  These  springs  became 
well  known  in  1S20  and  a  hotel  and  other  buildings  were 
erected.  The  water  acted  as  a  tonic  and  was  regarded  as  es- 
pecially  beneficial  in  cases  of  dyspepsia,  nervous  diseases,  and 
general  debility. 

Maury  in  1  lie  Resources  of  West  Virginia  (p.  326)  gives 
.in  anal;  i  '>f  this  water  marie  by  Dr.  DeButts,  of  Baltimore, 
in  1821.  One  hundred  grains  of  its  solid  contents  on  analysis 
■.  ielded  : 
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Grains. 

Carbonate  of  lime 10.5 

Sulphate  of  lime 63.0 

Sulphate  of  magnesia 23 . 5 

Chloride   of  magnesia 1.0 

Chloride   of   sodium 1.0 

Sulphate  of  iron 0.3 

Carbonate  of  iron 0.7 

The  quantity  of  sulphuretted  hydrogen  and  carbonic  acid 
gases  was  not  determined. 

OIL  AND  NATURAL  GAS. 

A  common  question  in  all  parts  of  the  country  is  whether 
certain  tracts  or  farms  are  underlain  with  valuable  deposits 
of  oil  and  gas.  Wildcat  wells  in  various  States  have  revealed 
such  deposits  and  it  would  appear  possible  that  other  untested 
sections  may  in  the  future  become  valuable  in  these  products. 

In  the  eastern  Panhandle  there  are  a  number  of  owners 
of  lands  who  believe  that  below  the  surface  these  liquid  and 
gaseous  fuels  exist  probably  in  paying  quantity,  and  it  is  a  nat- 
ural question  whether  the  probabilities  are  in  favor  of  drilling, 
and  if  not,  why  not.  It  is  for  these  reasons  that  this  subject 
is  briefly  treated  in  this  Report. 

For  the  past  twenty-five  years  or  more,  the  question  of  oil 
and  gas  exploration  has  been  made  the  subject  of  most  careful 
study  both  by  the  well  drillers  and  by  scientific  experts,  with 
the  result  that  a  fund  of  data  has  been  collected  on  this  sub- 
ject, and  the  drilling  of  productive  wells  at  the  present  time  is 
not  haphazard  guesswork  but  has  been  reduced  to  a  science 
founded  on  well-defined  laws.  No  one  can  tell  without  error 
what  lies  hundreds  of  feet  below  the  surface  of  the  ground, 
so  that  it  is  not  possible  to  state  absolutely  that  there  are  no 
paying  deposits  of  oil  and  gas  under  the  lands  of  the  eastern 
Panhandle  area.  The  possibility  of  such  deposits  may  exist 
here,  but  every  known  scientific,  well  drilling,  and  prospecting, 
fact  is  against  this  supposition,  and  it  is  most  highly  probable 
that  no  economically  valuable  oil  or  gas  well  or  wells  will  ever 
be  drilled  in  this  area. 

Many  of  the  so-called  surface  indications  for  oil  and  gas 
cited  in  this  area  are  of  no  value.  Surface  glistening  irides- 
cent scums  on  certain  ponds  or  bodies  of  standing  water  are 
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not  oil  scums,  but  iron  and  sulphur.  The  escaping  gas  in 
some  of  the  pools  is  marsh  gas  resulting  from  the  decay  of 
vegetable  matter  below  the  surface  of  the  water  which,  ris- 
ing, breaks  into  bubbles  which  can  be  ignited.  Oily  residues 
may  result  on  a  small  scale  in  a  similar  way  so  that  a  small 
vial  may  sometimes  be  filled  with  an  oily  water,  but  even  this 
is  rare. 

There  are  owners  of  certain  lands  in  this  area  who  de- 
clare they  have  oil  and  gas  and  will  listen  to  no  argument  to 
the  contrary.  Sometimes  the  proof  is  in  the  fact  that  some 
person  from  some  of  the  large  oil  fields  has  examined  the  land 
and  found  the  conditions  similar  and  has  located  the  oil  and 
gas  seepages  similar  to  those  in  the  large  oil  fields.  Not  all 
persons  living  in  the  larger  oil  fields  are  oil  experts  and  oil 
seepages  so  often  mentioned  are  seldom  seen  or  noted  in  the 
large  oil  fields.  The  mere  fact  that  the  hills  and  valleys  are 
similar  to  those  in  some  oil  fields  has  no  bearing  on  the  ques- 
tion as  the  deposits  do  not  depend  on  hill  or  valley  or  their 
relation  to  each  other. 

Why  then  are  not  the  conditions  in  this  area  favorable  for 
oil  and  gas  in  the  same  way  as  in  the  producing  territory?  To 
answer  this  question  involves  a  discussion  of  the  necessary 
conditions  for  such  accumulation  and  they  are  only  four  or 
five  in  number.  There  must  first  be  a  supply  of  oil  or  gas  in 
the  rocks  below  the  surface,  but  this  alone  will  not  make  a 
productive  oil  field,  unless  four  other  conditions  are  present. 

1.  There  must  be  a  reservoir;  not  necessarily  in  the  form 
of  a  cavern,  but  in  the  form  of  a  porous  rock,  in  which  the  oil 
and  gas  are  held  in  the  interspaces  of  the  rock.  Such  a  rock 
is  found  in  the  Indiana  and  Ohio  fields  in  the  form  of  a  porous 
magnesian  limestone.  In  Pennsylvania,  West  Virginia,  south- 
eastern Ohio,  Kansas,  Oklahoma,  etc.,  the  reservoir  is  a  sand- 
stone. Such  a  porous  sandstone  is  never  empty,  but  it  will 
contain  water,  oil  or  gas. 

2.  There   must   be   a    tighl    cover   or   the   products    will 
pe  upward  and  lie  lost.    This  cover  is  usually  in  the  Form 

of  a  compacl  shale  varying  in  thickness  from  a  few  feel  to  sev- 
eral hundred      \\  hen  this  cover  is  penetrated  by  the  drill,  the 
or  "il  released  and  under  heavy  pressure  will  reach  the 
in  man  raising  the  heavy  drilling  tools. 
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3.  There  must  be  pressure  to  force  the  gas  or  oil  out  of 
the  rock.  The  rock  pressure  in  gas  wells  forces  the  gas  to 
the  surface  and  out  through  the  mains.  It  varies  from  less 
than  a  pound  to  over  1,500  pounds  per  square  inch  in  some  of 
the  West  Virginia  gas  wells  when  first  drilled,  but  declines  in 
time. 

The  cause  of  this  rock  pressure  is  a  subject  of  dispute.  Ir 
Ohio  and  Indiana  there  seemed  to  be  an  artesian  water  pres- 
sure back  of  the  gas,  the  calculations  of  which  by  depth  of  well 
agreed  closely  with  the  gas  pressure  recorded  on  the  gauge. 
In  the  high  pressure  wells  of  West  Virginia,  this  theory  fails. 
The  only  explanation  offered  for  such  wells  is  that  the  gas  in 
the  rocks  is  under  compression,  and  when  released  by  the  drill, 
the  expanding  gas  exerts  its  own  pressure,  increased  by  any 
water  pressure  that  may  be  present  back  of  it. 

4.  A  fourth  condition  is  rock  structure.  A  fo!c"  in  the 
rocks  would  give  a  favorable  place  for  the  accumulation  of 
gas  and  oil,  which  without  the  fold  might  be  distributed 
equally  through  the  reservoir  rock.  The  gas  and  oil  fields  of 
this  State,  Pennsylvania,  Ohio,  Kentucky,  and  others  have 
been  proved  to  be  closely  associated  with  folds  in  the  rocks. 

The  anticlinal  theory  of  oil  and  gas  accumulation,  first 
promulgated  through  practical  application  of  its  principles  by 
I.  C.  White,  has  become  a  valuable  working  rule,  and  most 
oil  men  recognize  its  value  in  locating  new  wells  and  new 
fields.  A  careful  review  of  this  theory  and  its  practical  appli- 
cation are  given  in  the  oil  and  gas  reports  of  the  Survey. 

In  the  eastern  Panhandle  area  occur  sandstones  which  are 
mostly  compact  and  close-grained,  but  some  of  them  could 
form  an  oil  or  gas  reservoir.  There  is  a  large  quantity  of 
'shales  of  great  thickness  which  might  act  as  a  cover.  The 
anticlines  and  synclines  are  on  every  hand,  and  with  a  rock 
pressure  and  gas  and  oil  in  the  reservoir  rocks,  all  the  condi- 
tions listed  above  for  accumulation  would  be  present  in  abun- 
dance. 

There  is,  however,  in  addition  the  greatly  disturbed  rock 
structure,  sharp  broken  folds,  fissures  and  fault-planes  almost 
without  limit.  The  rocks  also  stand  vertical  or  highly  inclined, 
so  that  the  porous  rock  stratum  that  might  act  as  a  reservoir 
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comes  to  the  surface,  and  high  pressure  in  the  oil  and  gas 
would  force  these  materials  to  the  surface  along  this  outcrop, 
if  not  through  the  various  fissures  that  traverse  the  rock  ever 
the  area  of  its  distribution.  These  fissures  and  faults  really 
act  as  so  many  wells  which  would  long  ago  have  drained  any 
deposits  that  might  have  existed.  If  oil  deposits  ever  did 
exist  in  this  area,  and  there  is  no  indication  that  they  were 
present,  the  gaseous  and  more  volatile  liquid  portions  would 
have  escaped  and  there  would  remain  a  deposit  of  heavy  tarry 
or  asphaltic  material,  as  is  to-day  found  along  the  Burning 
Springs  Anticline  in  Ritchie  County  this  State,  which  was 
formerly  mined  for  asphalt  or  Grahamite  for  a  number  of 
years. 

Oil  and  gas  deposits  are  not  known  in  broken  strata  of 
mountain  regions,  for  there  the  conditions  are  all  favorable  for 
the  escape  of  such  products.  There  is  therefore  not  the 
slightest  encouragement  to  drill  for  oil  or  gas  in  this  area,  and 
the  expenditure  of  money  for  this  purpose  would  be  wasteful. 

PRECIOUS  METALS. 

In  nearly  all  mountain  areas,  prospectors  report  the.  find- 
ing of  gold  and  silver  veins,  or  lead  and  copper,  etc.,  and  the 
mountains  of  this  area  are  no  exception.  Silver  and  copper 
veins  have  been  located  in  visionary  minds  for  many,  many 
years  in  these  mountains,  and  the  very  age  of  the  reports  adds 
to  their  weight  of  authority  in  many  cases,  though  the  exact 
location  of  the  vein  is  never  found.  There  is  always  a  loss  of 
some  of  the  essential  data  of  the  map  of  the  veins. 

The  conditions  of  origin  and  accumulation  of  the  precious 
and  semiprecious  metals  is  a  complicated  subject,  but  none 
of  the  essential  conditions  is  present  in  these  mountains  for 
any  of  these  deposits.  There  is  one  mineral,  a  sulphide  of  iron, 
known  as  pyrites,  a  bright  yellow  mineral,  which  has  so  often 
been  taken  for  gold  that  it  bears  the  name  of  "fool's  gold". 
I  .line  iii  the  quantity  found  in  (his  State  is  nothing. 
There  will  be  poor  reward  for  the  prospector  of  these  metals 

in  the  mountains  of  the  eastern    Panhandle  area.     There  is  no 

copper,  no  lead,  no  zinc,  of  any  commercial  value,  and  the  same 
i    true  of  .ill  the  metals  with  the  possible  exception  <>i"  iron. 
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LEVELS  ABOVE  MEAN  TIDE  IN  THE 
EASTERN  PANHANDLE  AREA. 


Baltimore  and  Ohio  Railroad. 

{Elevations  to  top  of  rail.) 

Feet. 

Harpers  Ferry  Tunnel Jefferson    County 286.56 

Engle   Station Jefferson    County 379.59 

Duffields    Jefferson    County 482.06 

Shenandoah    Junction Jefferson    County 518.76 

Kearneysville    Berkeley    County 552.06 

Van    Clevesville Berkeley  County 475 .  27 

Martinsburg     Berkeley  County 427 .  74 

Cherry  Run  Station Morgan  County 401.75 

Sleepy    Creek    Station Morgan  County 401 .  22 

Hancock    Morgan  County 420 .  30 

Round    Top Morgan  County 427 .  15 

Sir  Johns  Run Morgan  County 426 .  10 

Great   Cacapon Morgan  County 447 .  17 

Woodmont Morgan  County 453.13 

Lineburg Morgan  County 456.09 

Orleans    Road. .  . Morgan  County 505.00 

Doe   Gully Morgan  County 547.26 

Magnolia Morgan  County 498 . 2.0 

Pawpaw   Morgan  County 529 .  83 

Baltimore  and  Ohio  Railroad,  Shenandoah  Valley  Division. 

Harpers    Ferry Jefferson  County 287.03 

Shenandoah   Tefferson  County 287.83 

Millville    Jefferson  County 335.83 

Halltown    Jefferson  County 405 .  83 

Charlestown - Jefferson  County 515 .  83 

Aldridge     Tefferson   County 549 .  83 

Baylor    Jefferson  County 616.83 

Summit  Point Jefferson  County 625 .  83 
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Cumberland  Valley  Railroad. 

Feet. 

Falling   Waters Berkeley  County 364.00 

Bedington    Berkeley  County 383.00 

Berkeley    Berkeley  County 468.00 

Martins  burg    Berkeley  County 460.50 

Tablers    Berkeley  County 553.00 

Darkesville    Berkeley  County 553.90 

Inwood    Berkeley  County 568.90 

Bunker  Hill Berkeley  County 556.10 

Ridgeway    Berkeley  County 581 .  40 

Norfolk  and  Western  Railroad. 


Rippon    Jefferson  County 532 

Charlestown    Jefferson  County 530 

Shenandoah   Junction Jefferson  County 528 

Shepherdstown    Jefferson  County 418 

ELEVATIONS  ABOVE  TIDE  IN  THE  EASTERN  PAN- 
HANDLE COUNTIES  DETERMINED  BY  THE 
UNITED  STATES  GEOLOGICAL  SURVEY. 

WILLIAMSPORT  QUADRANGLE. 

Potomac  River  southwest  along  Cumberland  Valley  R.  R.  to 

Martinsburg. 

Feet. 
Williamsport,  1.5  miles  southwest  of,  near  west  end  of  rail- 
road bridge  No.  82-1,  top  of  rail 380 . 5 

Potomac    River,    surface    of    water    under    bridge    No.    82-1, 

August    5,    1908 325 

Williamsport,    2.3    miles    southwest    of,    southwest    corner    of 

west  bridge   seat  of  railroad  bridge  No.   82-2,  in  top  of; 

aluminum  tablet  stamped   "363" 362.310 

Williamsport,  3.4  miles  southwest  of,  top  of  west  foundation 

of  water-tank  and  north  end  of;  marked  "G.  S.  B.  M.  361"  361.14 
FalliiiL'    Waters,    500    fee!    cast    of,    northeast    corner    of    east 

bridge  seal    of  railroad  bridge  No.  85;    marked  "G.  S.  B. 

M.     359" 358.80 

Palling  Waters,  in  front  of  station;  top  of  rail 372.0 

Palling    Waters,  0.6   mile   southwest    of,   in   top  of  center  of 

south    head-wall    of    concrete    box    culvert   under   railroad 

at  telephone  pole  85/31 ;  a  I  ii  1 1 1  i  ii  u  in  tablet  stamped  "404"..    403.973 
Bedington,    1020    Eeel    east    of  Station,    north    side   of   track;    in 

railroad   concrete  culvert;    aluminum   tablet    stamped   "387"   387.094 

Bedington,  In   front    of  station,   top  Of  rail 392.3 

Bedington,    270    feel    west    of   station,    south    side    of    track;    in 

top  of  railroad  culvert;   copper  boll    (Pennsylvania  R.  R. 

bench     mark) ' 391.806 
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Feet. 

Bedington,  0.3  mile  south  of,  east  side  of  north  abutment  of 
railroad  bridge  over  creek,  top  of  mud  wall;  marked 
"U.  S.  B.  M.  396" 395.73 

Berkeley,  1,500  feet  north  of  station,  overhead  bridge  in  front 

face  of  east  abutment;   aluminum  tablet  stamped  "471"..   471.13 

Berkeley,  in  front  of  station;   top  of  rail 477.4 

HANCOCK  QUADRANGLE. 

Berkeley  Springs,  west  face  of  southwest  corner-stone,  Mor- 
gan County  Courthouse;  aluminum  tablet  stamped  "612 
C"  (reported  destroyed,  courthouse  torn  down) 611.795 

Stotlers  Crossroads,  0.5  mile  north  of;  at  first  ford  of  Sleepy 
Creek,'  ledge  of  rock  east  side  of  road,  0.25  mile  north  of 
north  entrance  to  ford,  in  cleft  of  rock  about  4  feet 
above  roadway;   aluminum  tablet  stamped  "662  C" 661.964 

McCoys  Ferry  up  Back  Creek. 

Johnstown,  1.2  miles  south  of;  on  an  outcrop  of  sandstone 
rock  about  125  feet  east  of  road  forks  and  2.5  miles  west 
of  Hedgesville;  three  small  pines  stand  just  south;  chis- 
eled   square 561.34 

Tomahawk,  in  northeast  corner  of  foundation  stone  of  W.  W. 

Hedges's  barn;  aluminum  tablet  stamped  "466  C" 466.543 

PAWPAW  QUADRANGLE. 

Rock  Gap,  700  feet  west  of  Pearnow's  house;  10  feet  north 
of  road  at  summit  of  gap,  in  rock;  aluminum  tablet 
stamped    "761    C" 760 .  666 

Great  Cacapon,  Md.,  on  Lock  55  of  Dam  No.  6;  U.  S.  C.  &  G. 

S.    bench    mark    "C" 443 .  811 

Fishers    Ford,    in    large    boulder,    southeast    corner    of    road, 

aluminum  tablet  stamped  "MARYLAND  543   C" 543.188 

ANTIETAM    QUADRANGLE. 
At  Harpers  Ferry. 

Harpers  Ferry,  on  northwest  corner  0f  south  end  of  west  abut- 
ment of  road  bridge  near  toll  office;  point  marked  "U. 
S.    B.    M.   279" 279.03 

Harpers  Ferry,  in  front  face   of  post-office  on   south   side  of 

main  entrance;  aluminum  tablet  stamped  "Adj.  275" 274.416 
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BERRYVILLE   QUADRANGLE. 

From  Summit  Point  east  to  Kabletown,  thence 
northeast  to  Keys  Ford,  Shenandoah  River. 

Feet. 

Summit  Point,  northeast  corner  of  railroad  crossing,  in  base 

of  sign-post;  spike  marked  "U.  S.  B.  M.  620" 620.07 

Summit  Point,  1.4  miles  south  of,  west  side  of  road,  in  tele- 
phone pole;  spike,  marked  "U.  S.  B.  M.  617" 617.27 

Summit  Point,  2.7  miles  southeast  of,  south  side  of  road,  in 

ledge;    bronze  tablet  stamped  "620" 620.158 

Summit  Point,  3.8  miles  southeast  of,  north  side  of  road,  in 

telephone-pole;   spike,  marked  "U.  S.  B.  M.  548" 548.37 

Rippon;  top  of  west  rail  at  road  crossing,  marked  "U.  S.  521"  520.6 

Rippon,  southeast  corner  of  roads  at  post-office,  in  telephone- 
pole;  spike,  marked  "U.  S.  B.  M.  537" 536.68 

Rippon,  2.2  miles  east  of,  100  feet  north  of  forks  of  roads,  east 

side  of  road;  in  ledge;  bronze  tablet  stamped  "509" 508.791 

Kabletown,  at  forks  of  roads,  at  Kabletown   Schoolhouse,  in 

telephone-pole;  spike,  marked  "U.  S.  B.  M.  478" 477.64 

Kabletown,  1  2  miles  north  of,  east  side  of  road,  in  culvert; 

bronze  tablet  stamped  "433" 432.811 

Kabletown,  2.3  miles  north  of,  east  side  of  north  end  of  bridge 
over  Evitts  Run;  painted  bolt-head,  marked  "U.  S.  B.  M. 
404"     403 . 74 

Mechanicstown,  opposite  sign-post  "Kabletown,"  in  telephone- 
pole;    spike,  marked  "U.  S.  B.  M.  446" 446.49 

Mechanicstown,  0.9  mile  southeast  of,  in  northeast  corner  of 
concrete  arch  over  Evitts  Run;  bronze  tablet  stamped 
"352"     352.07 

Mannings   Ferry;    water   surface    of   Shenandoah    River,    July 

31,  1914,  11 :  30  a.  m 330.6 

Mannings  Ferry,  0.7  mile  east  of  south  side  of  road,  in  root 
of  tree;  copper  nail  with  washer,  stamped  "U.  S.  G.  S.,  W. 
Va.  B.  M.,"  marked  "U.  S.  B.  M.   336" 336.22 

Mannings  Ferry,  1.8  miles  east  of,  east  side  of  road,  in  root  of 
stump;  copper  nail  with  washer,  stamped  "U.  S.  G.  S., 
W.  Va.,  B.  M.,"  marked  "U.  S.  B.  M.  413" 413.16 

GERRARDSTOWN  QUADRANGLE. 

From  Tablers  southwest  along  Cumberland 
Valley  R.  R.  to  Bunker  Hill,  thence  south- 
east along  highway   to   Middleway. 

Tablers,  northwesl  corner  of  grade  crossing,  In  telephone- 
pole;   Bplke,  marked  "U.  S.  B.  M.  560" 560.22^ 

Tablers,  fronl   of  station;   top  of  west   rail 560.8 

Tablers,  0.9   mile  Bouth   of,  200   feel   south  of  road  crossing, 

ea  i  Bide  of  track,  In  ledge;  bronze  tablel  stamped  "562",  561.636 

Darkesville,  fronl   of  Btation;   top  or  easl   rail 562.0 

Hie  northwesl  corner  of  road  crossing,  In  root  of  tree; 
copper  nail  with  washer  stamped  "II.  S.  Q.  S.  B.  M.  w. 
Va.,"  marked  "U.  S.  B.  M.  560" 560.494 
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Feet. 

Inwood,  front  of  station;   top  of  west  rail 575.7 

Inwood,  northeast  corner  of  base  of  signal-post;  painted  bolt- 
head,  marked  "U.  S.  B.  M.  576" 575 .  616 

Inwood,  0.3  mile  east  of,  northwest  corner  of  roads  at  toll- 
gate,  in  ledge;  bronze  tablet  stamped  "569  Prim.  Trav. 
Sta.   No.    6,   1914" 568. 81u 

Inwood,  1.5  miles  south  of,  east  side  of  track,  on  ledge;  chis- 
eled square,  marked  "U.   S.  B.  M.  580" 579.83 

Bunker  Hill,   25   feet  northeast   of  road   crossing,   in   base  of 

warning  sign-post;    spike,  marked  "U.  S.  B.  M.  565" 564.93 

Bunker  Hill,  2  miles  east  of,  south  side  of  road,  in  cement  cul- 
vert;   bronze  tablet  stamped  "538" 538.519 

Bunker  Hill,  2.8  miles  east  of,  60  feet  west  of  Fairview  School- 
house,  in  root  of  tree;  copper  nail  with  washer,  stamped 
"U.  S.  G.  S.  W.  Va.  B.  M.,"  marked  "U.  S.  B.  M.  568" 567.791 

Bunker  Hill,  4.3  miles  east  of,  north  end  of  east  abutment  of 
bridge  over  Opequon  Creek;  chiseled  square,  marked  "U. 
S.    B.    M.    443" 443.322 

From  Inwood  northwest  to  Ganotown,  thence 
northeast  to  Jones  Springs. 

Inwood,  0.3  mile  east  of,  in  northwest  corner  of  cross-roads, 
45  feet  northwest  of  toll-gate,  in  limestone  leage;  bronze 
tablet   stamped    "569" 568 .  810 

Inwood,  1.1  miles  west  of,  180  feet  west  of  road  fork,  15  feet 
south  of  highway,  on  limestone  ledge;  chiseled  square, 
marked    "652    B.    M" 651.98 

Inwood,  1.8  miles  west  of,  in  southeast  corner  of  cross-roads, 

on  limestone  ledge;   chiseled  square,  marked  "631  B.  M".   631.19 

Gerrardstown,  in  concrete  porch  floor  of  D.  S    Griffith's  store, 

3  feet  east  of  main  entrance;  bronze  tablet  stamped  "676"  676.413 

Gerrardstown,  1.3  miles  west  of,  14  feet  south  of  highway,  in 

root  of  pine  tree;   nail  marked  "841  B.  M." 840.958 

Gerrardstown,  1.9  miles  northwest  of,  summit  of  Little  North 
Mountain,  in  southwest  corner  of  cross-roads^  on  sand- 
stone ledge;    chiseled  square,  marked  "1083  B.  M." 1082.75 

Ganotown,  2.1  miles  east  of,  in  northwest  corner  of  road  fork, 

in  root  of  red-oak  tree;   nail,  marked  "648.6  B.  M." 648.60 

Ganotown,  1.6  miles  east  of,  230  feet  east  of  road  fork.  8  feet 
north  of  biCThway,  in  sandstone  ledge;  bronze  tablet 
stamped    "610" 610.380 

Ganotown,  0.2  mile  east  of,  17  feet  north  of  highway;  nail  in 

base  of  cedar  tree  marked  "513  B.  M." 512.70 

Ganotown,    at    road    fork,    on    top    of    property    corner-stone; 

painted  square  marked  "545  B.  M." 545.11 

Ganotown,  0  8  mile  north  of.  northeast  corner  of  foundation 
wall  of  United  Brethren  Church,  in  north  face;  bronze 
tablet    stamped    "577" 577.168 

Shanghai,    1.3    miles    south    of,    in    southeast    corner    of   road 

fork;  nail  in  root  of  white-oak  tree,  marked  "523  B.  M.". .   523.14 

Shanghai,  northeast  corner  of  cross-roads,  4  feet  north  of 
southwest  corner  of  store  building,  in  top  of  concrete 
foundation;    bronze    tablet    stamped   "529" 529.156 

Shanghai,.  1.1  miles  north  of,  in  northeast  corner  of  road  fork; 

nail  in  root  of  large  oak  tree,  marked  "490  B.  M." 489.89 
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Shanghai,  2.5  miles  north  of,  south  end  of  west  abutment  to 
highway  bridge  over  small  stream;  chiseled  square, 
marked  "527  B.  M." 527.133 

Jones  Springs,  0.4  mile  south  of,  in  top  of  east  side  of  concrete 
porch  floor  of  Jones  Springs  School;  bronze  tablet  stamped 
"586"     585 .  900 

Jones  Springs,  0.7  mile  north  of,  in  southwest  corner  of  road 
fork;  chiseled  square  on  sandstone  ledge,  marked  "725 
B.     M." 725/20 

From  Shanghai  west  to  Ungers  Store, 
thence  north  to  Oakland. 

Shanghai,  1.4  miles  west  of,  8  feet  north  of  highway;   nail  in 

base  of  telephone-pole,  marked  "765  B.  M" 764.93 

Shanghai,  2.4  miles  west  of,  4  feet  north  of  highway;  chiseled 

square  on  sandstone  ledge,  marked  "1112  B.  M." 1112.44 

Shanghai,  3.5  miles  west  of,  on  summit,  4  feet  south  of  high- 
way, in  sandstone  ledge;   bronze  tablet  stamped  "1584".  .1583.888 

Shanghai.  4.5  miles  west  of,  12  feet  north  of  highway;  nail  in 

base  of  poplar  tree,  marked  "1832  B.  M." 1832.01 

Ungers  Store,  4  miles  east  of,  summit  of  Sleepy  Creek  Moun- 
tain, 4  feet  south  of  highway;  chiseled  square  on  sand- 
stone ledge,  marked  "1841  B.  M." 1841 .  00 

Ungers  Store,  2.8  miles  east  of,  20  feet  south  of  highway,  in 

large  sandstone  boulder;  bronze  tablet  stamped  "1265".  .  .1264.604 

Ungers  Store  1.4  miles  east  of,  130  feet  east  of  school  build- 
ing, 30  feet  west  of  road  fork;  nail  in  root  of  black-oak 
tree,  marked  "1054  B.  M." 1054.07' 

Ungers  Store,  150  feet  west  of,  12  feet  north  of  highway;  nail 

in  root  of  cherry  tree,  marked  "B.  M." 905.22 

Ungers  Store,  370  feet  west  of,  in  southwest  corner  of  road 

fork;  nail  in  root  of  large  oak  tree,  marked  "886  B.  M.".  .    886.16 

Ungers  Store,  0.7  mile  west  of,  200  feet  east  of  cross-roads,  20 
feet  north  of  highway,  in  sandstone  ledge;  bronze  tab'et 
stamped   "850" 849.551 

Oakland,  1.8  miles  south  of,  30  feet  south  of  stream  crossing, 
8  feet  west  of  highway;  nail  in  base  of  oak  tree,  marked 
"781    B.    M." 780 .  618 

Oakland,  0.9  mile  south  of,  at  road  fork,  13  feet  west  Of  high- 

\v;iv;  nail  in  base  of  telephone-pole,  marked  "768  B.  M."..   768.017 

Oakland,   in    center  of  concrete  approach   to  S.  E.   Shockey's 

residence;  bronze  tablet  stamped  "764" 763.694 

Oakland,  1.5  miles  north  of,  in  southwest  corner  of  road  fork; 

nail  in  base  of  mail-box  post,  marked  "707  B.  M." 707.00 

MARTINSBURG    QUADRANGLE. 

From  Martinsburg  Northeast  along  Cumberland 

Valley  R.  R.  to  Berkeley,  thence  East  and 

South  to  Shepherdstown. 

Marti]  burg,  at  King  Street  entrance  i<>  Berkeley  County 
Courthou  e,  eastern  <-"<i  of  Brs1  step  up  from  sidewalk; 
tablel    :  tamped    "457.7" 456.692 
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Martinsburg,  about  0.2  mile  west  of  station,  about  280  feet 
east  of  milepost  "Baltimore  100  miles,"  in  middle  of  north 
coping  of  an  arch;  copper  bolt  (Baltimore  &  Ohio  R.  R. 
Bench    Mark    75) 432 . 913 

Martinsburg,  1.5  miles  northeast  of,  10  feet  east  of  Cumber- 
land Valley  R.  R.,  on  limestone  ledge;  chiseled  square, 
marked  "487  B.  M." 487 .019 

Martinsburg,  2.5  miles  northeast  of,  225  feet  north  of  milepost 
91,  27  feet  east  of  Cumberland  Valley  R.  R.,  on  limestone 
ledge;   chiseled  square,  marked  "487.4  B.  M." 487.463 

Berkeley,  opposite  station;   top  of  rail 477.265 

Berkeley,  1,500  feet  north  of  station,  overhead  bridge,  in  front 

face  of  east  abutment;  aluminum  tablet  stamped  "471". .  .   471.130 

Berkeley,  0.3  mile  northeast  of,  45  feet  north  of  overgrade 
bridge,  10  feet  west  of  Cumberland  Valley  R.  R.,  in  lime- 
stone ledge;  bronze  tablet  stamped  "Prim.  Trav.  Sta.  No. 
1,    1914" 470.096 

Berkeley,  1.9  miles  southeast  of,  300  feet  southeast  of  dwell- 
ing, 15  feet  south  of  highway,  on  limestone  ledge;  chiseled 
square,  marked  "394.5  B.  M." 394.568 

Berkeleyi  3.1  miles  southeast  of,  25  feet  south  of  road  fork,  on 

limestone  ledge;  chiseled  square,  marked  "472  B    M."....   472.058 

Berkeley,  4.4  miles  east  of,  150  feet  east  of  Herman  Lam  resi- 
dence, at  right-angled  turn  in  highway,  15  feet  east  of 
highway,  in  limestone  ledge;  bronze  tablet  stamped  "468"  468.498 

Scrabble,  1.6  miles  west  of,  25  feet  west  of  road  fork,  50  feet 
east  of  road  fork,  20  feet  north  of  highway,  on  limestone 
ledge;  chiseled  square,  marked  "434  B.  M." 434.103 

Scrabble,  0.5  mile  west  of,  50  feet  west  of  road  fork,  7  feet 
north  of  highway,  on  limestone  ledge;  chiseled  square 
marked  "394.8  B.  M." '394.925 

Scrabble,  50  feet  east  of  highway  bridge  over  Rockymarsh 
Run,  14  feet  south  of  highway;  bronze  tablet  stamped 
"Prim.  Trav.  Sta.  No.  2,  367,  1914" 366.834 

Scrabble,  1  2  miles  southeast  of,  12  feet  south  of  highway,  in 

limestone  ledge;  chiseled  square,  marked  "407.9  B.  M."...   407.996 

Shepherdstown,  3.4  miles  north  of,  30  feet  north  of  road  fork, 
in  top  of  stone  retaining  wall;  chiseled  square,  marked 
"422.4  B    M." 422.572 

Shepherdstown,  2.1  miles  north  of,  70  feet  north  of  road  fork, 
12  feet  west  of  highway,  in  limestone  ledge;  bronze 
tablet    stamped    "462" 461 .  824 

Shepherdstown,  1.1  miles  north  of,  125  feet  west  of  dwelling, 
10  feet  south  of  highway,  in  limestone  ledge;  chiseled 
square,  marked  "424.4  B.  M." 424.556 

Shepherdstown,  northwest  corner  of  German  and  Duke  Streets, 

in  center  of  top  of  manhole  guardstone;  chiseled  square..   443.422 

Shepherdstown,  in  front  face  of  post-office,  3  feet  east  of  main 

entrance;    aluminum  tablet,   stamped   "Adj.   406" 405.451 

From  Shepherdstown  southwest  via  Kearneys- 
ville  to  point  3.4  miles  south  of  Middleway. 

Shepherdstown,  1  mile  southwest  of,  60  feet  west  of  northwest 
corner  of  fair  grounds,  12  feet  south  of  highway,  in  lime- 
stone ledge;   chiseled  square,  marked  "467.2  B.  M." 467.348 
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Shepherdstown,  1.9  miles  southwest  of,  35  feet  south  of  Drake 
monument,  on  limestone  outcrop;  chiseled  square,  marked 
"545.8  B.  M." 545.982 

Shepherdstown,  2.7  miles  southwest  of,  14  feet  south  of  high- 
way, 500  feet  southwest  of  road  fork,  in  limestone  out- 
crop;   bronze  tablet  stamped  "515" 515.224 

Kearneysville  1.7  miles  northeast  of,  in  southeast  corner  of 
cross-roads;  chiseled  square  on  limestone  ledge  marked 
"517.0   B.   M." 517.217 

Kearneysville,  0.6  mile  northeast  of,  at  road  fork,  18  feet 
south  of  highway,  on  limestone  ledge;  chiseled  square, 
marked    "515.6    B.    M." 515 .  806 

Kearneysville,  about  200  feet  west  of  railroad  crossing,  south 
side  of  road,  in  ledge;  bronze  tablet  stamped  "P.  Trav. 
Sta.  No.  8,  1914,  548" 548.164 

Kearneysville,  about  0.3  mile  south  of,  about  75  feet  east  of 
milepost  Balto.  92,  in  rock  on  north  side  of  tracks;  copper 
bolt  (B.  &  O.  b.  m.  No.  67) 564 . 415 

Leetown,  2.4  miles  north  of,  east  side  of  road  in  root  of  tree; 
copper  nail  with  washer,  stamped  "TJ.  S."  G.  S.  W.  Va.  B. 
M."  marked  "U.  S.  B.  M.  523" 522 .  94 

Leetown,  1  mile  north  of,  in  triangle  made  by  forks  of  roads, 

on  ledge;  chiseled  square,  marked  "TJ.  S.  B.  M.  495" 494.60 

Leetown,  north  side  of  doorway  of  M.  E.  Church  South,  in  ce- 
ment walk;  bronze  tablet  stamped  "503" 502.910 

Middleway,  1  8  miles  northeast  of,  east  side  of  road,  at  summit 
of  hill,  in  telephone-pole;  spike  marked  "TJ.  S.  B.  M. 
587"     587 .  41 

Middleway,  1.1  miles  north  of,  east  side  of  road,  in  telephone- 
pole;   spike  marked  "TJ.  S.  B.  M.  508" 508.20 

Middleway,    northeast    corner    of   vacant    building    owned    by 

Mrs.  W.  H.  Gilbert;   bronze  tablet  stamped  "500" 500.014 

Middleway,  1.2  miles  south  of,  west  side  of  road,  on  ledge; 

chiseled  square,  marked  "TJ.  S.  B.  M.  540" ' 540.518 

Middleway,  2.1  miles  south  of,  east  side  of  road,  in  stump; 
copper  nail  with  washer,  stamped  "TJ.  S.  G.  S.  W.  Va.  B. 
M.",  marked  "TJ.  S.  B    M.  562" 562.24 

Middleway,  3.4  miles  south  of,  150  feet  south  of  forks  of  roads, 

east  side  of  road,  in  ledge;  bronze  tablet  stamped  "585".  .   584.634 

From  Shepherdstown  southeast  to  point  1.8 
miles  west  of  Harpers  Ferry. 

Shepherdstown,  1  mile  south  of,  in  south  vertex  of  triangle  at 
road  junction,  in  top  of  property  corner-stone;  chiseled 
square,   marked    "462.4    B.    M." 462.62 

Shepherdstown,  2  1  miles  southeast  of,  at  cross-roads,  7  feet 
north  of  concrete  monument  "4"  on  limestone  ledge;  chis- 
eled   Bquare,   marked   "472.5   B.  M." 472.66 

Shepherdstown,  3.3  miles  southeast  of,  100  feet  west  of  Lucas 
Creek,  ii  feet  north  of  highway,  in  limestone  ledge; 
bronze   tablet,  stamped   "372" 371.865 

Shepherdstown,  1  miles  southeasl  of,  10  feel  north  of  highway, 

mi  limestone  ledgi  ;  chiseled  square,  marked  "439  B  M.". .   439.21 

Harpers  Perry,  5  miles  north  of,  aboul  400  feel  wrsi  of  Po- 
tomac River,  12  feel  easl  of  hiHiw.-iy,  in  Limestone  ledgp; 
bronze  tablet,  stamped  "318" 317.980 
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Harpers  Ferry,  4.8  miles  north  of,  400  feet  north  of  dwelling, 
8  feet  west  of  highway,  on  limestone  ledge;  chiseled 
square,  marked  "379.7  B.  M." 379 .  945 

Harpers  Ferry,  3.9  miles  north  of,  5  feet  east  of  highway,  on 

limestone  ledge;   chiseled  square,  marked  "381.9  B.  M."..   382.18 

Harpers  Ferry,  3.3  miles  north  of,  50  feet  south  of  road  fork, 
16  feet  east  of  road,  in  limestone  ledge;  bronze  tablet 
stamped    "431" 431 .  141 

Harpers  Ferry,  2.2  miles  northwest  of,  12  feet  west  of  high- 
way, on  limestone  ledge;  chiseled  square,  marked  "400.6 
B.    M.". 400.90 

Harpers  Ferry,  1.8  miles  west  of,  northeast  corner  of  Balti- 
more &  Ohio  concrete  overgrade  bridge;  painted  square, 
marked    "324.2" 324 .  502 

From  Keys  Ford  northeast  to  Harpers  Ferry. 

Keys    Ford;    water   surface   of   Shenandoah  River,   August   1, 

1914,  9:20   a.  m 298.0 

Keys  Ferry;    water  surface   of  Shenandoah  River,  August   1, 

1914,  9:45  a.  m 295.2 

Keys   Ferry,   50   feet   west   of  landing,   east   side   of   road,   in 

ledge;    bronze  tablet  stamped  "301" 301.214 

Harpers  Ferry  Lime  Co.'s  ferry;  water  surface  of  Shenandoah 

River,  August  1,  1914,  11  a.  m 294.5 

Millville,  in  front  of  station;   top  of  south  rail 334.3 

Millville,  opposite  station,  north  side  of  road,  in  root  of  tree; 
copper  nail  with  washer  stamped  "U.  S.  G.  S.  W.  Va.  B. 
M.",  marked  "U.  S.  B.  M.  338" 338.286 

Millville,  1  mile  northeast  of,  50  feet  north  of  milepost  "H.  F. 
3  S.  J.  48",  west  side  of  track,  in  rail  rest;  copper  nail 
with  washer,  stamped  "U.  S.  G.  S.  W.  Va.  B.  M.",  marked 
"U.    S.    B.    M.    310" 309.76 

Millville,  2  miles  northeast  of,  100  feet  north  of  milepost  "H 
F.  2  S.  J.  49",  west  side  of  track,  in  ledge;  bronze  tablet 
stamped    "298" 297.713 

Millville,   3.1   miles   northeast   of,  west   side   of  north   end  of 

trestle;  painted  bolt-head,  marked  "U.  S.  B.  M.  283" 283.26 

From  Martinsburg  southwest  along  Cumberland 

Valley  R.  R.  3.7  miles  (part  of  circuit; 

see  continuation  in  Gerrardstown 

Quadrangle.) 

Martinsburg,  about  0.2  mile  west  of  station,  about  280  feet 
east  of  milepost  "Balto.  100",  in  middle  of  north  coping 
of  an  arch;  copper  bolt  (B.  &  O.  b.  m.  No.  75) 432.913 

Martinsburg,  60  feet  north  of  Cumberland  Valley  R.  R.  depot, 
10  feet  west  of  tracks,  in  root  of  tree;  copper  nail 
with  washer,  stamped  "U.  S.  G.  S.  W.  Va.  B.  M.",  marked 
"U.   S.   B.   M.   466" 466 . 41ft 

Martinsburg,  in  front  of  Cumberland  Valley  R.  R.  depot;   top 

of  east  rail 467.4 
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Martinsburg,  1  mile  southwest  of,  east  side  of  track,  in  tele- 
phone-pole; spike  marked  "U.  S.  B   M.  498" 497.79 

Martinsburg,  2.2  miles  southwest  of,  about  600  feet  north  of 
milepost  96,  east  side  of  track,  in  ledge;  bronze  tablet 
stamped    "532" .'.531.591 

Martinsburg,  3.7  miles  southwest  of,  15  feet  south  of  private 
road  crossing,  east  side  of  track,  on  ledge;  chiseled 
square,  marked  "U.  S.  B.  M.  535" 535.00 

PRECISE     LEVELING     BY     THE     UNITED     STATES 

COAST    AND    GEODETIC    SURVEY    AND    THE 

BALTIMORE   AND    OHIO    RAILROAD. 

Bulletin  632  of  the  U.  S.  Geological  Survey  gives  the 
following  levels  in  the  eastern  Panhandle  area  of  West  Vir- 
ginia, with  the  following  introductory  explanation  : 

"The  following  descriptions  and  elevations  are  extracted  from 
reports  of  the  Coast  and  Geodetic  Survey  and  are  here  republished  by 
permission  of  the  Superintendent  of  that  bureau.  The  bench  marks 
were  established  by  the  Coast  and  Geodetic  Survey  and  by  the  Balti- 
more &  Ohio  Railroad  Co.,  and  were  included  in  the  1907  adjustment 
by  the  Coast  and  Geodetic  Survey.  The  elevations  were  not  changed 
by  the  1912  adjustment  and  are  not  likely  to  be  changed  by  any  fu- 
ture adjustment. 

"For  convenient  reference,  as  results  in  Bulletin  399  are  based 
on  the  1903  adjustment,  the  elevations  of  bench  marks  established 
previous  to  1903  are  given  by  both  the  1903  and  1907  adjustments." 

ANTIETAM    QUADRANGLE. 

Bench  marks  established  at  Harpers  Ferry. 

Feet. 
Harpers  Ferry,  on  north  side  of  tracks,  almost  directly  across 
from    Harpers    Ferry    signal-tower,    in    capstone    of   north 
wing  of  west  abutment  of  bridge;    copper  bolt   (B.  &  O. 

bench    mark    56A) 285.432 

(1903    adjusted    value     =     285.628). 
Harpers  Ferry,  about  0.5  mile  west  of,  180  feet  west  of  mile- 
post  "Baltimore  82  miles"  in  native  rock  on  south  side  of 

tracks;   copper  bolt  (B.  &  O.  R.  R.  bench  mark  57) 290.818 

(1903   adjusted  value    =     291.014). 
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MARTINSBURG    QUADRANGLE. 

Harpers  Ferry  northwest  along  Baltimore  and 
Ohio  R.  R.  to  Martinsburg. 

Feet. 
Engle,  1.8  miles  east  of,  about  70  feet  east  of  milepost  "Balti- 
more  83  miles"  in   native   rock  on  north  side  of  tracks, 
about  8  feet  from  tracks;  copper  bolt  (B.  &  O.  bench  mark 

58)    309.940 

(1903  adjusted  value  =  310.139). 
Engle,  about  0.7  mile  east  of,  on  south  side  of  tracks,  in  mid- 
dle of  coping  of  bridge  45;    copper  bolt    (B,   &   O.  bench 

mark    59) 354.745 

(1903    adjusted   value     =     354.946). 
Engle,  about  0.2  mile  west  of,  about  30  feet  west  of  milepost 
"Baltimore    85    miles,"    in    native   rock    on    south    side   of 

tracks;   copper  bolt  (B.  &  O.  bench  mark  60) 386.541 

(1903  adjusted  value  =  386.744). 
Engle,  about  1.2  miles  west  of,  about  600  feet  east  of  milepost 
"Baltimore    86    miles,"    in    native   rock   on   north   side    of 

tracks;   copper  bolt  (B.  &  O.  bench  mark  61) 411.226 

(1903  adjusted  value     ==     411.433). 
Duffields,  about  1  mile  east  of,  in  south  end  of  east  wall  of 

culvert  45G;   copper  bolt  (B.  &  O.  bench  mark  62) 440.895 

(1903    adjusted   value     ==     441.103). 
Duffields,  about  50  feet  east  of  milepost  "Baltimore  88  miles," 
in  west  end  of  north  coping  of  culvert  45L;    copper  bolt 

(B.   &    O.   bench  mark   63) 484 . 271 

(1903  adjusted  value     =     484.479). 
Shenandoah  Junction,  about  0.3  mile  west  of,  about  400  feet 
west  of  milepost  "Baltimore  89  miles,"  in  native  rock  on 
south  side  of  tracks;  copper  bolt  (B.  &  O.  bench  mark  64)   530.635 
(1903  adjusted  value  =  530.848). 
Shenandoah  Junction,  about  1.5  miles  west  of,  about  500  feet 
west  of  milepost  "Baltimore  90  miles,"  opposite  telegraph- 
pole   90 — 4  in  a  ledge   of  rock  on  north   side  of  tracks; 

copper  bolt  (B.  &  O.  bench  mark  65) 560.324 

(1903  adjusted  value     =     560.539). 
Hobbs,  near,  about  200   feet  west  of  milepost   "Baltimore   91 
miles,"  in  north  end  of  west  abutment  of  bridge  45;   cop- 
per bolt  (B.  &  O.  bench  mark  66) 583 . 929 

(1903  adjusted  value     =     584.145). 
Kearneysville,  about  0.3  mile  south  of,  about  75  feet  east  of 
milepost  "Baltimore  92  miles,"  in  rock  on  north  side  of 

tracks;  copper  bolt  (B.  &  O.  bench  mark  67) 564.415 

(1903  adjusted  value  =  564.635). 
Kearneysville,    about    1.2    miles    north    of,    opposite    milepost 
"Baltimore    93    miles,"    section    of    rail    set    vertically    in 

ground    (B.    &   O.   bench  mark   68) 528 . 359 

(1903  adjusted  value  =  528.580). 
Van  Clevesville,  about  1.2  miles   southeast  of,  opposite  mile- 
post  "Baltimore   94  miles,"   section  of  rail  set  vertically 

in  ground   (B.  &  O.  bench  mark  69) 497.545 

(1903    adjusted  value     =     497.767). 
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Van  Clevesville,  about  0.2  mile  south  of,  almost  directly   be- 
hind milepost   "Baltimore   95  miles,"   in   a   large   rock  on 
north  side  of  tracks;  copper  bolt  (B.  &  O.  bench  mark  70)   478.086 
(1903  adjusted  value  =  478.311). 
Van  Clevesville,  about  0.8  mile  northwest  of,  250  feet  west  of 
milepost  "Baltimore  96  miles,"  in  rock  on  south  side  of 

tracks;  copper  bolt  (B.  &  O.  bench  mark  71) 450.599 

(1903  adjusted  value     =     450.827). 
Van  Clevesville,  about  1.8  miles  northwest  of,  about  500  feet 
west  of  milepost   "Baltimore   97  miles,"   in  west   end  of 
south   coping  of  a  culvert;    copper  bolt    (B.    &   O.   bench 

mark    72) 403 . 933 

(1903    adjusted   value     =     404.164). 
Opequon,    near_    about    600    feet   east   of   milepost    "Baltimore 
98  miles,"  on  north  side  of  tracks,  on  west  end  of  coping 
of  culvert  at  telegraph-pole  97/34;    copper  bolt   (B.  &  O. 

bench  mark   73) 384.061 

(1903  adjusted  value     =     384.291). 
Martinsburg,  0.7  mile  east  of,  240  feet  west  of  milepost  "Balti- 
more 99  miles"  in  middle  of  north  coping  of  bridge  49.2; 

copper  bolt    (B.   &   O.  bench  mark  74) 399.333 

(1903  adjusted  value     =     399.568). 
Martinsburg,   about   0.2   mile   west   of  station,   about  280   feet 
east  of  milepost  "Baltimore  100  miles,"  in  middle  bench  of 
north  coping  of  an  arch;  copper  bolt  (B.  &  O.  bench  mark 

75)    432 .  911 

(1903  adjusted  value     =     433.147). 
Martinsburg,  about  1.5  miles  northwest  of,  opposite  milepost 
"Baltimore    101    miles,"    section    of   rail    set   vertically   in 

ground    (B.  &  O.  bench  mark  76) 469 . 661 

(1903  adjusted  value  =  469.899). 

WILLIAMSPORT  QUADRANGLE. 

Martinsburg  north  along  Baltimore  and  Ohio 
R.  R.  to  Back  Creek. 


Martinsburg,  about  2.5  miles  northwest  of,  about  800  feet  west 

of  milepost  "Baltimore  102  miles,"  in  native  rock  on  the 

north  side  of  tracks;  copper  bolt  (B.  &  O.  bench  mark  77)   490.258 

(1903   adjusted  value     =     490.500). 

Tabb,   near,   about   40   feet   east   of   milepost   "Baltimore    103 

miles  "  in  native  rock;   copper  bolt  (B.  &  O.  bench  mark 

78)      ! 527.079 

(1903  adjusted  value     =     527.323). 
Tabb,    near,   about  200  feet  west  of  milepost  "Baltimore   104 
miles,"  In  ;i   large  rock  <>n   north  side  of  tracks;   copper 

boll    (I?.   &  O.  bench  mark  79) 522.637 

(1903  adjusted  value  =     522.883). 
Tabb,  about    1.2  miles  northwesl   of,  opposite  mileposl   "Balti- 
more  105   miles;"  section   of  rail   set  vertically  in  ground 

(B.  &  0.  bench  marfc  80) 518.103 

(1903  adjusted   value  518.349) 
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Feet- 
North  Mountain,  about  1.2  miles  southeast  of,  about  500  feet 
west   of  milepost   "Baltimore   106  miles,"   between  tracks 
in   the   bridge    seat  of  the   east   abutment   of   bridge   52; 

copper  bolt    (B.  &   O.   bench  mark  81) 506.938 

(1903   adjusted   value     =     507.188). 
North  Mountain,  about  0.2  mile  south  of  station,  850  feet  west 
of    milepost    "Baltimore    107    miles,"    between    tracks    in 
bridge  seat  of  east  abutment  of  bridge  52%;   copper  bolt 

(B.  &  O.  bench  mark  82) 527.896 

(1903   adjusted   value     =     528.149). 
North   Mountain,   about   0.5   mile   north   of,   opposite   milepost 
"Baltimore    108   miles,"    section    of   rail    set   vertically   in 

ground   (B.  &  O.  bench  mark  83) 528.471 

•   (1903  adjusted  value     =528.726). 
North  Mountain,  about  1.5  miles  northwest  of,  about  100  feet 
east  of  milepost  "Baltimore  109  miles/'  section  of  rail  set 

vertically  in  ground  (B.  &  O.  bench  mark  84) 504.116 

(1903    adjusted   value     =     504.374). 
Back   Creek,  near,  opposite  milepost  "Baltimore   110   miles;" 
section  of  rail  set   vertically  in  ground    (B.   &   O.   bench 

mark    85) 461.840 

(1903  adjusted  value     =     462.700). 

HANCOCK    QUADRANGLE. 

Back  Creek  northwest  along  Baltimore  and 
Ohio  R.  R.  to  Sir  Johns  Run. 

Back  Creek,  west  of,  in  north  end  of  the  west  abutment  of 

bridge  53;  copper  bolt  (B.  &  O.  bench  mark  86) 426.400 

(1903    adjusted    value     =     426.662). 
Cherry  Run,  about  1.5  miles   southeast  of,   opposite  milepost 
"Baltimore   112    miles;"   section   of  rail   set  vertically   in 

ground  between  tracks   (B.  &  O.  bench  mark  87) 391 .636 

(1903  adjusted  value  =  391.900). 
Cherry  Run,  about  0.6  mile  east  of,  in  south  end  of  bridge  seat 
of   west   abutment    of   bridge    54;    copper   bolt    (B.    &    O. 

bench    mark    88) 384 .  835 

(1903  adjusted  value  =  385.101). 
Cherry  Run,  about  0.5  mile  west  of,  opposite  milepost  "Balti- 
more 114  miles;"  section  of  rail  set  vertically  in  ground 

(B.  &  O.  bench  mark  89) 396.597 

(1903  adjusted  value  =  396.865). 
Miller,   near,    opposite   milepost   "Baltimore    115   miles;"    sec- 
tion of  rail  set  vertically  in  ground  (B.  &  O.  bench  mark 

90)    404.336 

(1903  adjusted  value     =     404.608). 
Miller,  near,  opposite  milepost  "Baltimore  116  miles;"  section 

of  rail  set  vertically  in  ground  (B.  &  O.  bench  mark  91) . .   396.302 
(1903  adjusted  value     =     396.575). 
Sleepy  Creek    about  0.4  mile  east  of,  opposite  milepost  "Balti- 
more 117' miles;"  section  of  rail  set  vertically  in  ground 

(B.  &  O.  bench  mark  92) 399.186 

(1903   adjusted   value     =     399.461). 
Sleepy  Creek,  between  tracks  in  bridge  seat  of  east  abutment 

of  bridge  55;  copper  bolt  (B.  &  O.  bench  mark  92A) 395.560 

(1903  adjusted  value     =     395.836). 
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Feet. 
Sleepy  Creek,  0.5  mile  west  of,  opposite  milepost  "Baltimore 
118  miles;"   section   of  rail  set  vertically  in   ground    (B. 

&   O.   bench  mark   93) 401.249 

(1903   adjusted  value     =     401.527). 
Sleepy  Creek,  about  1.5  miles  west  of,  opposite  milepost  "Bal- 
timore 119  miles";   section  of  rail  set  vertically  in  ground 

(B.  &  O    bench  mark  94) 405.783 

(1903    adjusted   value    =   406.061). 
Sleepy  Creek,  about  2.5  miles  west  of,  opposite  milepost  "Bal- 
timore 120  miles;"  section  of  rail  set  vertically  in  ground 

(B.  &   O.  bench  mark  95) 406 .  948 

(1903  adjusted  value     =     407.229). 
Hancock,  about  2  miles  east  of,  opposite  milepost  "Baltimore , 

121  miles;"  section  of  rail  set  vertically  in  ground   (B.  & 

O.    bench   mark   96) 405.058 

(1903  adjusted  value     =     405.341). 
Hancock,  about  1  mile  east  of,  opposite  milepost  "Baltimore 

122  miles;"  section  of  rail  set  vertically  in  ground   (B.  & 

O.   bench  mark   97) 409.081 

(1903  adjusted  value     =     409.366). 
Hancock,  west  end  of  north  coping  of  bridge  56;   copper  bolt 

(B.  &   O.  bench  mark  97A) 417.388 

(1903  adjusted  value     =  417.675). 
Hancock,  about  0.2  mile  west  of,  opposite  milepost  "Baltimore 

123  miles;"  section  of  rail  set  vertically  in  ground   (B.  & 

O.   bench  mark  98) 418 .  746 

(1903   adjusted   value     =     419.034). 
Hancock,  about  1.2  miles  southwest  of,  opposite  milepost  "Bal- 
timore 124  miles;"  copper  bolt  set  vertically  in   ground 

(B.  &  O.  bench  mark  99) 417 .  217 

(1903  adjusted  value  =  417.507). 
Round  Top,  about  1  mile  northeast  of,  opposite  milepost  "Bal- 
timore 125  miles;"  section  of  rail  set  vertically  in  ground 

(B.  &  O.  bench  mark  100) 415.603 

(1903  adjusted  value     =     415.896). 
Round  Top,  opposite  milepost  "Baltimore  126  miles;"  section 

of  rail  set  vertically  in  ground  (B.  &  O.  bench  mark  101)   426.630 
(1903  adjusted  value     =     426.927). 
Round  Top.  about  1  mile  southeast  of,  150  feet  east  of  mile- 
post   "Baltimore    127    miles;"   in    a    rock    outcrop    on    the 
north    side    of   the    tracks;    copper   bolt    (B.    &    O.    bench 

mark    102) 426.371 

(1903    adjusted   value     =     426.670). 
Sir  Johns  Hun,  about  0  5  mile  north  of,  opposite  milepost  "Bal- 
timore 128  miles;"  section  of  rail  set  vertically  in  ground 

(B.  &  O.  bench  mark  103) 424.943 

(1903   adjusted    value     =     425.247). 
Sir  Johns  Run,  about  0  5  mile  south  of,  20  feet   west  of  tele- 
Mi  pole  123/38,  In  native  rock  on  south  side  of  tracks; 

copper  boll    (it.  &  0.  bend,  mark  104) 426.699 

I L903  adjusted   value       =    427.006). 
Sir  Johns  Run,  aboul  0.5  mile  south  of,  about  400  feet  west  of 
milepost  "Baltimore  L30  miles;"  sel   in  culvert  coping  on 
south  side  of  tracks;   copper  boll    (B.  &   0.  bench  mark 

lu.-.i     426.600 

I  L903   adjusted    value  426.909). 
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PAWPAW    QUADRANGLE. 

Great  Cacapon  west  along  Baltimore  and  Ohio 

R.  R.  to  Little  Cacapon. 

Feet. 
Great  Cacapon,  1  mile  east  of,  about  200  feet  east  of  milepost 
"Baltimore    131    miles,"    in    large    rock    on   north    side    of 

track;   copper  boit  (B.  &  O.  bench  mark  106) 436.334 

(1903  adjusted  value     =     436.648). 
Great  Cacapon,  near,  between  tracks  in  bridge   seat  of  east 
abutment  of  bridge  57  across  Great  Cacapon  River;  copper 

bolt  (B.  &  O.  bench  mark  107) 435 .  613 

(1903   adjusted   value     =     435.929). 
Great  Cacapon,  about  1  mile  west  of,  opposite  milepost  "Balti- 
more 133  miles;"  section  of  rail  set  vertically  in  ground 

(B.  &  O.  bench  mark  108) 452 . 978 

(1903   adjusted   value     =     453.298). 
Woodmont,  0.3  mile  west  of,  opposite  milepost  "Baltimore  134 
miles;"  section  of  rail  set  vertically  in  ground   (B.  &  O. 

bench   mark   109) 450 . 435 

(1903  adjusted  value     =     450.759). 
Lineburg,    about    0.8    mile    east    of,    opposite    telegraph-pole 
135/4;    copper  bolt  in  rock  on   south   side   of  tracks    (B. 

&  O.  bench  mark  110) 454 .  169 

(1903  adjusted  value  =  454.495). 
Lineburg,  about  0.2  mile  west  of,  opposite  milepost  "Baltimore 
136  miles;"  section  of  rail  set  vertically  in  ground  (B.  & 

O.   bench  mark  111) 458.214 

(1903  adjusted  value  =  458.541). 
Lineburg,  about  1.2  miles   south  of,  25  feet  east  of  milepost 
"Baltimore  137  miles;"  in  a  rock  on  south  side  of  tracks; 

copper  bolt  (B.  &  O.  bench  mark  112) 468.729 

(1903  adjusted  value     =     469.061). 
Orleans  Road,  about  0.8  mile  east  of,  opposite  milepost  "Bal- 
timore 138  miles;"  section  of  rail  set  vertically  in  ground 

(B.  &  O    bench  mark  113) 487 .  850 

(1903  adjusted  value     =     488.186). 
Orleans  Road,  about  0.3  mile  south  of,  opposite  milepost  "Bal- 
timore 139  miles;"  section  of  rail  set  vertically  in  ground 

(B.  &  O.  bench  mark  114) 504 . 277 

(1903  adjusted  value     =     504.613). 
Rockwell  Run,  near,  500  feet  bevond  milepost  "Baltimore  140 
miles;"  in  rock  on  south  side  of  tracks;   copper  bolt  (B. 

&    O.   bench  mark   115) 523 . 004 

(1903    adjusted    value     =     523.343). 
Doe  Gully,  opposite  milepost  "Baltimore  141  miles;"  section  of 

rail  set  vertically  in  ground  (B,  &  O.  bench  mark  116)...   546.652 
(1903  adjusted  value     =     546.995). 
Doe  Gully,  about  1  mile  south  of,  opposite  milepost  "Baltimore 
142  miles;"  section  of  rail  set  vertically  in  ground  (B.  & 

O.  bench  mark  117) 544 .  057 

(1903  adjusted  value     =     544.404). 
Hansrote,  1  mile  northeast  of,  directly  opposite  milepost  "Bal- 
timore 143  miles;"  in  rock  on  south  side  of  tracks;  copper 

bolt   (B.  &  O.  bench  mark  118) 520 . 465 

(1903  adjusted  value     =     520.815). 
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Feet. 
Hansrote,  near,  opposite  milepost  "Baltimore  144  miles;"  sec- 
tion of  rail  set  vertically  in  ground  (B.  &  O.  bench  mark 

119)     494.218 

(1903  adjusted  value  =  494.572). 
Hansrote,  about  1  mile  west  of,  opposite  milepost  "Baltimore 
145  miles;"  section  of  rail  set  vertically  in  ground  (B.  & 

O.   bench  mark  120) 497.886 

(1903  adjusted  value     =     498.242). 
Baird,  near,  opposite  milepost  "Baltimore  146  miles;"  section 

of  rail  set  vertically  in  ground  (B    &  O.  bench  mark  121)   497.643 
(1903  adjusted  value     =     498.003). 
Baird,  about  1  mile  southwest  of,  opposite  milepost  "Baltimore 
147  miles;"  section  of  rail  set  vertically  in  ground   (B.  & 

O.  bench  mark  122) 489 .  894 

(1903  adjusted  value     =     490.256). 
Magnolia,  about  1  mile  northwest  of,  opposite  milepost  "Balti- 
more 148  miles;"  section  of  rail  set  vertically  in  ground 

(B.  &  O.  bench  mark  123) 494.074 

(1903  adjusted  value  =  494.440). 
Magnolia,  about  0.2  mile  east  of,  500  feet  beyond  milepost  "Bal- 
timore 149  miles;"  on  south  side  of  tracks  in  east  end  of 
coping  of  bridge  47D;    copper  bolt   (B.  &  O.  bench  mark 

124)    497.630 

(1903  adjusted  value     ==     498.004). 
Magnolia,  about  1  mile  southeast  of,  opposite  milepost  "Balti- 
more 150  miles;"  section  of  rail  set  vertically  in  ground 

(B.   &   O.   bench  mark   125) 502 .  076 

(1903  adjusted  value     =     502.447). 
Magnolia,   about   2   miles    south   of,    opposite   milepost   "Balti- 
more 151  miles;"  copper  bolt  in  rock  (B.  &  O.  bench  mark 

126)     511.521 

(1903  adjusted  value     =     511.896). 
Pawpaw,  about  1  mile  north  of,  opposite  milepost  "Baltimore 

152  miles;"  in  a  rock  on  south  side  of  tracks;  copper  bolt 

(B.  &  O.  bench  mark  127) 516 .  226 

(1903  adjusted  value     =     516.603). 
Pawpaw,  about  0.8  mile  north  of,  opposite  milepost  "Baltimore 

153  miles;"  section  of  rail  set  vertically  in  ground   (B.  & 

O.  bench  mark   128) 526.652 

(1903  adjusted  value     =     527.034). 
Pawpaw,  about  0.2  mile  south  of,  opposite  milepost  "Baltimore 

154  miles;"  section  of  rail  set  vertical'.v  in  ground   (B.  & 

O.    bench    mark    129) 534.067 

(1903  adjusted  value  =  534.454). 
Pawpaw,  1.5  miles  south  of,  opposite  milepost  "Baltimore  155 
miles;"  section  of  rail  set  vertically  in  ground   (B.  &  O. 
bench   mark   130) ' 532.072 

1 1903  adjusted   value    =    532.450). 
Little  Cacapon,  about    1    um'»-  cast   of,  about   r>oo  ivh   cast   of 
milepost   "Baltimore   196  miles;"  on  south  side  of  tracks 
in  middle  Btone  of  coping  of  culvert;  copper  bolt  (B.  &  O. 
bench    mark    L31) 528.851 

(1903   adjusted   value  529.243). 
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LOCATION  OF  TRUE  MERIDIAN  LINES. 


In  the  summer  of  1898,  true  north  and  south  meridian 
lines  were  established  by  the  West  Virginia  Geological 
Survey  in  cooperation  with  the  U.  S.  Geological  Survey. 
These  lines  are  established  by  stone  monuments  set  in  the 
ground  at  locations  convenient  to  the  county  seats  in  the  dif- 
ferent counties  of  the  State.  They  are  listed  and  described  in 
Volume  I  of  the  State  Survey  Reports,  where  the  following 
description  is  given : 

"These  monuments  are  four  feet  in  length  and  are  buried  so  as  to 
leave  six  inches  projecting,  the  upper  surfaces  being  dressed  to  a 
cubical  form  6  inches  on  a  side.     In  the  center  of  the  northern  mark 

U.  |  S. 

is  imbedded  an  aluminum  tablet  which  is  stamped  j the  cen- 

W,  |  Va. 
ter  of  the  cross  marking  the  northern  end  of  the  meridian  line.  In 
the  center  of  the  southern  or  station  mark  is  imbedded  a  bronze 
tablet.  On  this  is  cast  the  legend  U.  S.  GEOLOGICAL  SURVEY, 
W.  VA.  MERIDIAN  MARK.  On  its  center  is  cut  a  true  north  and 
south  line  pointing  to  the  north  or  distant  mark,  while  places  are 
provided  for  stamping  the  elevation  above  sea-level  when  they  shall 
be  determined  by  future  surveys." 

MORGAN  COUNTY. 

Berkeley  Springs. 

Location:      State  land  adjoining  the  Berkeley  Springs  Hotel. 

Station  Mark:  A  column  of  limestone  36"  x  6"  x  6";  set  30"  in 
ground    12  feet  from  fence  on  northeast  side  of  ground. 

Reference  Mark:     "Washington  Elm,"  N.  20°  E.,  18  feet. 

Distant  Mark:  North  stone,  limestone  6"  x  6"  x  36";  set  30" 
in  ground,  300  feet  north  of  south  stone,  and  14  feet  west  of  iron  gate. 

Magnetic  Declination:  4°  36'  W.  November  21,  1897.  Mean 
annual   change,   -f-  03'   approximately. 
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BERKELEY  COUNTY. 
Martinsburg. 

Location:  At  head  of  principal  drive  of  cemetery  and  13  feet 
west  of  walk. 

S'tation  Mark:  A  column  of  marble  40"  x  8"  x  6";  set  32" 
in  the  ground,  in  center  of  which  is  a  copper  plate. 

Distant  Mark:  North  of  station  575  feet.  It  is  a  marble  column 
40"  x  8"  x  6";  set  32"  in  ground,  30  feet  east  of  the  entrance  gate 
and  4  feet  from  the  fence.     Aluminum  bolt  in  center  of  stone. 

Magnetic  Declination:  4°  27'  W.,  May  27,  1898.  Mean  annual 
change,  -f-  03'  approximately. 

JEFFERSON  COUNTY. 
Charlestown. 


Location:     In  corner  of  wall  at  northeast  corner  of  M.  E.  Church. 

Station  Mark:  A  column  of  sandstone  40"  x  10"  x  7";  set  36"  in 
ground,  in  the  center  of  which  is  a  copper  plate. 

Reference  Marks:  East  wall  of  church  4.9  feet;  south  wall  of 
church  10  feet;  north  corner  of  church  8.9  feet;  northeast  corner, 
10.3  feet. 

Distant  Mark:  North  of  station  767  feet.  It  is  a  column  of  lime- 
stone 30"  x  10"  x  7"  set  28"  in  ground.  Aluminum  bolt  in  center  of 
stone.  Reference  marks  of  same:  Southeast  corner  of  Harness  Fac- 
tory S.  60°  E.  76.5  feet. 

Resident   Referee:     County  Surveyor. 

Magnetic  Declination:  3°  32'  W.,  June  6,  1898.  Mean  annual 
change,  -f-  03',  approximately. 
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American  Journal   of   Science.  .  .183,  249 

Analyses,    Catoctin    Schist 320 

Analyses,   Cement 507 

Analyses,  Clay  and  Shale 

513,  531,  533,  534,  535,  539,  540,  542, 
544,  545 

Analyses,    Coal 350,  355,  356,  358 

Analyses,    Dolomite.  ..  .383   384,385,386 

Analyses,  Engle  Ballast  Quarry 303 

Analyses,    Glass-Sands 

331-2,    333,    335,    336,    338,    339,    341, 
343,  344 

Analyses,   Iron   Ore 585,  587 

Analyses,    Limestone,    Beekmantown.  . 

436,  437,  438,  439,  440    441,  449 

Analyses,    Limestone,    Miscellaneous.  . 
377,  378,  400,  401,  402,  403,  405,  406, 
407,  417,  419,  422,   423,   424    425,  426, 
428,  429,  431 
Analyses,   Limestone,   Natural   Cement 
495,   496,    497,   498 


Page 
Analyses,    Limestone,    Upper    Stones 

River    

442,  443,  444,  446,  449,  451,  453,  454, 
455,  456,  457,  459,  460,  461,  462,  463, 
465,  466,  467,   468,  471,  472 

Analyses,    Marl 393,  394,  395,  396 

Analyses,    Mineral   Water 602-3 

Analyses,    Sandstone,    Mechanical.... 

577,   578 

Analyses,    Shale   and   Clay 

513.  531,  533,  534,  535,  539,  540,  542, 
544,  545 

Analyses,    Slate 593 

Annexation,    Berkeley    and   Jefferson 

Counties 7 

Annual   Rainfall   at  Harpers  Ferry... 99 

Annual    Rainfall    at   Martinsburg 98 

Annual    Snowfall   at    Martinsburg.  ..  .98 

Annual    Temperature,    Mean 84 

Annual    Temperature,    Mean,    at   Mar- 
tinsburg  89 

Antecedent    Rivers 50 

Anticlinal  Theory  of  Oil  and  Gas  Ac- 
cumulation   605-6 

Anticline,    Cacapon    Mountain 122-4 

Anticline,    Ferrel    Ridge 127 

Anticline,  North  Mountain  Faulted. 127-9 

Anticline,    Pawpaw 121 

Anticlines 109,   121-9 

Antietam   Quadrangle,   Levels.  .  .609,  616 

Antietam    Sandstone 

115,   116,   284,   313-14,   592 

Correlation    314 

Outcrops     313-14 

Antimony   in  Glass   Manufacture.  ..  .322 

Appalachia 41,  185 

Appalachian    Area 37-40 

Appalachian  Area,    Peneplains   of... 44-8 
Appalachian  Mountains  and  Their  His- 
tory   43-4 

Appalachian  Mountains,  Structure.  117-18 

Appalachian    Revolution 118 

Appendix   "A" — Levels   Above   Tide.. 

607-622 

Appendix   "B" — Location   of   True 

Meridians 623-4 

Apple   Pie   Ridge   Settlement 6 

Archean-Algonkian   Land   Areas 

40,    113,    319-20 

Arden   District    (Berkeley)  : 

Area 2 

Population    27 

Arden  Road,  Limestone  Outcrop. 455,  456 

Area   of   Counties 1-2,  14,  16,  22 

Area  of   Districts 2 

Area   of    Farms 27-8 

Arsenal,    Government 24 

Arsenic  in   Glass   Manufacture 322 

Ashburner,    C.    A 158,159,170 

Asphalt    Paving    (Limestone) 379 

Auburn  Wagon  Works 21,  31 

Auchter,   E.   C 18 

Auger  Brick   Machine 526 

Augusta   County,    Virginia 3 

Available  Low  Silica  Limestone 474 
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Available  Market  for  Glass  Limestone 

37S-9 

Average    Maximum   and    Minimum 
Monthly  Temperature  at  Martins- 
burg   93.4 

Average   Weather   Conditions  at   Mar- 
tinsburg 104 


B 


Back  Creek 63-4 

Back  Creek  Valley 561-2,  563 

Baker,    Daniel 396 

Baker,  J.  E.,   Lime  Co 

270,  406,  451,  457,  581 

Baker   Quarry,    Dolomite 383-4 

Bakerton    Lime    Plant 490 

Bakerton    Quarry 303,  399-401 

Bakerton    Red   Clay,   Analysis 531 

Ballast,   Available   Stone  for 452 

Ballast,    Limestone,    Plant 559-60 

Ballast  Quarries  at  Engle 302-3 

Baltimore  &  Ohio   R.   R 

..8,   9,   10-12,  38-9,   468,  538,   547,   552 
Baltimore  &  Ohio  R.   R..   Elevations.  . 

.  39,    607,    616-22 

Baltimore   &    Ohio    R.    R.,    Proposed 

Cut-Off 464 

Baltimore  Fire 510 

Barber    Asphalt    Co 379 

Baptist    Settlement 6 

Bare    Ridge 70 

Bernhardt,    Samuel,    Road    Tests 571 

Barrell 182,    183,    184,   185,    180 

Base-Level     35 

Basic   Open-Hearth   Furnaces 375-6 

Bassler,   R.    S 134,   261,   276 

Bath  District  (Morgan)  : 

Area    2 

Population     27 

Bath,  Establishment  of 16 

Bayard    Sand 179 

Becraft    Fauna 239 

Becraft    Limestone 228 

Becraft    Member 228,    230 

Bedington,    Description 20 

Bedington,   Springs  Near 601 

Beekmantown    Dolomites 385-6 

Beekmantown     Limestone 

115,  116,  255.  256,  276-83,  417-20,  434, 

449,  455,  460,  463,  466,  467,   562,  563, 

564 
Beekmantown    Limestone   Belts. .  .435-41 
Beekmantown   Limestone,    Road   Tests 

575,  579-80,  582-3 

Beheaded    Streams 50 

Berea   Gril 164,   105,   166 

Berkeley   and    Hampshire   Pike 9 

Bi  1  keley  County: 

Agricultural    Statistics 28 

Annexation    7 

1,    2,    16 

Boundaries  10-17 

Building   Stone 691  '-' 

lion 171-180 

ung    I  "i  111.1i  ion 1 88  8 

17,   28 

3 

1    Desci  ipl  ion 10-21 

1  17-129 

I  On    586-7 

Hon  of  True  Meridian   Lin<      624 
Silica  Fluxing  LIm<   tone  Bi  Iti 

484-474 
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Berkeley  County: 

Lumber    Industry 30-1 

Orchards     17-19 

Original    Forest    Conditions 30 

Population    27,   28 

Population,   Density  of 27 

Post-Offices    19 

Present  Forest  Conditions 31 

Road    Materials 561-4 

Road    Mileage 565 

Tests   on    Road,   Materials 574-6 

Tests  on  Road  Materials   (1916) . . . 

576-582 

Tests    on    Shales 552-7 

Value    of    Crops 27 

Berkeley,    Norborne 17 

Berkeley    Plant 335-6 

Berkeley   Springs: 

Description     15-16 

Glass-Sand   Quarries 32S-9 

Meridian    Line 623 

Oriskany  Sandstone  South  of.  ..341-3 

Road    Tests 571 

Section  Just   East 204-5 

Section   3    Miles   East 203 

Section    South   of 219 

Shale    Tests 548-9 

Springs   at 601-2 

Berkeley  Springs  Sand  Co 33S-9 

Berkeley   Station: 

Estimates    on    Limestone    Near.... 452 

Limestone     Outcrop 464 

Section    264 

Section     (Beekmantown) 279 

Shale    Analysis 539 

Berkeley  Town-Site  Co.   Shale  Tests. 555 

Berryville    Quadrangle,    Levels 610 

Bessemer   Limestone   Co 408 

Bessemer   Process 375 

Big  Injun   Sand 163,  165 

Birdseye    Limestone 255 

Bischop    387 

Black    Fland    Formation 166 

Black    River   Limestone 255,    256 

Blackwelder    387 

Blair  Dolomite  Quarry 384,  385-6 

Blair   Limestone    Belt 463-8 

Blair   Limestone   Co 

267,  303,  383,  406-7,  464,  465,  581 

Blair    Plant    (Dolomite) 383 

Blair  Ouarry 303,   465 

Blair,    Road    Tests 581 

Blast-Furnaces,  Limestone  Used  in.. 376 

Bleininger 499.   500 

Bloomsburg    Red    Sandstone,    Road 

Tests 574 

Bloomsburg   Red    Shales    and    Sand- 
stones  114,    116.    241,   240,   248 

Rlue  Ridge  Lime  &   Stone   Co 403 

Blue    Ridge   Mountains 77 

Blue    Ridge  Subdivision 38 

Bonding  Power 517 

Bore    Hole    "A" 448 

Bore    Hole    "B" 442 

Bore  Hole  "C" 1 1 1 

Bore   Hole  in   Martinsburg  Shale,   An- 

alj  ses 539 

Bosi  ardville    Limestone 

114,   L16.  :.'  n-.r>.  487-8,  691 

Bossardville    Limestone,   Outcrops.... 

848,   r.(ii 

Bo     irdville  Limestone,  Road  Tests.. 

570-1,    572,    574.    576 

Bottle  Glass,   Composition  of 322 
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Boundaries,    Area 1 

Boundaries,    Berkeley    County 16-17 

Boundaries,  Jefferson   County 22 

Boundaries,   Morgan   County 14 

Bradley-Duff    Process 482 

Brennen    Paving    Co 379 

Brick,    Burning    of ^527-30 

Brick  Manufacture,   Process  of... 524-30 
Brick    Plant,    Tests    on    Shales,    East 

and    West 553 

Brick   Plants  in  Area 530-43,   553 

Brick,    Repressing   of 526-7 

Brick    Shales,    Tests 545-58 

Brigham    SO 

British   Thermal   Unit 358-9 

Brooks,  A.   B 28 

Brosius,     Description 15 

Brown,    John 7 

Bruce's    Mineralogical    Journal 129 

Buckells,   James 19 

Buena    Vista    Shale 309 

Building    Brick    Clays 520 

Building    Sand    Production 345 

Building    Stone 590-2 

Bull    Skin    Run 67 

Bunker   Hill-Darkesville   Division.  .456-8 

Bunker  Hill,   Road  Tests 5S1 

Bunker    Hill    Settlement 5 

Bunker  Hill,   South,   Section 271 

Bureau    of    Standards 475 

Burning,    Brick    Tests 546 

Burning   of    Brick 527-30 

Burning   of    Clays 514-15 

Butts   Store,    Road   Tests 577,578 

Buxton   Brick  Works 533-4,  554 

Buzzard   Run,   Limestone   Outcrop.  .  .460 

C 
Cacapon  District   (Morgan)  : 

Area    2 

Population     27 

Cacapon   Mountain .71 

Cacapon   Mountain   Anticline 122-4 

Cacapon    River 55-9,    71 

Calcareous   Limes 476 

Calcareous     Springs 601 

Calciferous   Limestone 254,    256 

Calcining    Limes 374 

Callahan,  J.   M 11,  12 

Cambrian   Period 284-320 

Cambrian   Rocks 41,  113,  115,  116 

Cambro-Silurian  Limestones  an-d  Over- 
lying  Clay 530 

Campbell,    H.    D 309 

Campbell,    M.    R 

35,  44,  45,  46,  47,  133,  139,  154,  156, 
309,  353,  354,  355,  356,  357,  359,  374, 
375,  376 

Canneries,    Morgan    County 15 

Capacity   of   Lime-Kilns   of   Area.... 485 
Carbonate   of   Lime  in   Clay,   Test   for 

523 

Carbonic   Acid    Gas    (Limestone) ...  .380 

Carboniferous  Time 42,  113,  114 

Carnegie   Steel  Co 407,   448,   464 

Carpenter,    R.    C 506 

Carroll,     Charles 11 

Catoctin     Schist 115,  116,  319-320 

Catskill    Formation.  .42,  114,  116,  167-1P6 

Correlation   and    Origin 181-6 

In   Morgan  and   Berkeley   Cos.  171-180 

Outcrops    179-180 

Sandstones    591 

Shale  Tests 550-1 

Shales    545 


Catskill   Sections:  Page 

Hedges   Mountain    (Opposite) 177 

Meadow    Branch    Mountains 177 

North    Bank    of    Potomac    River    on 

W.    M.    R.    R 175-6 

Orleans   Crossroads,   East  of 177 

Sideling    Hill 177 

Sleepy    Creek.  . 176-7 

Sleepy    Creek    Station 177 

Third    Hill    Mountain 177 

Woodmont,   West   of 177 

Cauliflower    Chert    Horizon 

268,   269,  270,  271,  273,  276,  306 

Cayuga    Rocks 245 

Cement    Manufacture,    Materials    Re- 
quired   503 

Cement  Mills,  Prospecting  and  Loca- 
tion  of 501-5 

Cement   Plants,    Cost  of 507 

Cement  Resources  of  Area 493-511 

Cement    Resources    of   Area    (Chapter 

XVI) 475-511 

Cement    Resources,    Portland.  ..  .498-501 

Cement,    Portland,    Uses   of 508-511 

Cementation   Test 568-9,  570 

Cementing   Value   of   Rocks 570 

Cements,    Composition   of 507 

Cenozoic 43,    113 

Chalybeate    Springs 601 

Chambersburg   Limestone 

115,   116,   256,   261-5,   416-17,   452,  453, 
454,  457,   458,  459,  460,  463,  466,  467, 
562 
Chambersburg   Limestone,    Correlation 

265 

Chambersburg    Limestone,     Outcrops 

263-5 

Chambersburg  Limestone,    Road   Tests 

575,   581-2 

Chambersburg,    Pa.,    Section    (Beek- 

mantown) 278 

Chambersburg,    Pa.,    Section    (Cham- 
bersburg)   262 

Chambersburg,     Pa.,     Section     (Stones 

River) 268 

Chance     183 

Chappelle   Coal   Shaft.  .354,  355,  356,  359 
Chapter  I — (Historical   and   Industrial 

Development) 1-32 

Chapter    II    (Physiography) 33-81 

Chapter    III     (Climate) 82-105 

Chapter    IV    (General    Geology   and 

Structure) 106-135 

Chapter   V    (Pocono    Group   of   Lower 

Carboniferous) 136-166 

Chapter    VI    (Devonian — The    Catskill 

Formation) 167-186 

Chapter  VII  (Devonian — The  Che- 
mung, Portage  and  Genesee  For- 
mations)      187-208 

Chapter  VIII  (Devonian — The  Hamil- 
ton, Marcellus  and  Onondaga  For- 
mations)   209-219 

Chapter  IX   (Devonian — The  Oriskany 

and  Helderberg  Formations) .  .220-239 
Chapter  X  (Silurian  Period) ..  .240-253 
Chapter  XI  (Ordovician  Period)  .254-283 
Chapter  XII  (Cambrian  Period)  .284-320 
Chapter    XIII    (Glass-Sand    and    Coal 

Resources) 321-360 

Chapter    XIV    (Limestone    Resources) 

361-433 

Chapter  XV  (General  and  Chemical 
Description  of  Low  Silica  Fluxing 
Limestone    Belts) 434-474 
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Page 
Chapter   XVI    (Lime   and  Cement   Re- 
sources)   475-511 

Chapter    XVII    (Clays   and    Road   Ma- 
terials)  512-5S3 

Chapter  XVIII   (Iron  Ores  and  Other 

Mineral    Resources) 5S4-606 

Charlestown   Academy 23 

Charlestown   Brick  &  Tile  Works.  .531-2 

Charlestown,    Description 23 

Charlestown   District    (Jefferson) : 

Area    2 

Population     27 

Ch  arlestown-Leetown    Beekmantown 

Limestone 438-40 

Charlestown,    Meridian   Line 624 

Charlestown.    Red   Clay   Analysis.  ..  .531 
Charlestown,    Section   Near    (Conoco- 

cheague) 289 

Charlestown,   Section  South   (Elbrook) 

300 

Chazy   Limestone.  .254,  255,  256,  275,  276 
Chemical   Description  Low   Silica  Flux- 
ing Limestone   Belts 434-474 

Chemung   Formation 

42,     114,     116,     187-199.     194-7,     19S-9, 
550 

Outcrops     19S-9 

Sections    194-7 

Shale  Tests 550 

Cherry    Run,    Description 15 

Cherry    Run,    Devonian    Shale    Anal- 
ysis   544-5 

Cherry   Run,    Section  West  of    (Held- 

erherg) 233 

Cherry   Run,    Shale  Tests 543-50 

Cherry    Run    (Stream) 64 

Chert,  Tests  by  U.  S.  Office  of  Public 

Roads 570 

Cherts 286,   293.   304,   563,   564 

Chesapeake   &   Ohio   Canal 10 

Chesapeake  &  Ohio  Canal,   Section..  148 

Chesterian     166 

Chew  &  Wiltshire  Farms,   Road  Tests 

5S2-3 

Cincinnati    Axis 41,    42 

Cincinnati    Croup 255 

Clarke,    John    M 

182,   218,   226,   228,   254,   255 

Clarksburg   Stoneware   Plant 543 

Classification    of    Eastern    Panhandle 

Formations 116 

n-^sification   of   Limes 475-7 

Classification  of  Meadow  Branch  Coal 

356-9 

Classification    "f    Mississippi    Valley 

Pocono 166 

Classificat;on    of   Ohio    Pocono 166 

1         ification   ,,f  Sedimentary   Rocks.. 

118-1  LB 

ole    169 

ii  'l    Road    Mati  i  ials 512  588 

an  I    Shales :.i"  559 

'  ind      hales,   <  Ither 

'  Pro  ipecting  foi    121-4 

1  and   Shales,  Tests 

1  i      ■  i    mM i         18-9 

Va  .   I  imi    I         r  op. 457 

1 1  !  ioti  i     lilt 1-106 

(Pari    [) i  LOB 

(00 

ioe 

109 


Page 

Clinton   Formation 

41,   114,  116,  240,   241,  251-2 

Fossils     252 

Outcrops    251-2 

Red  Hematite  Iron  Ore 5S7 

Shales,    Morgan    County 547 

Clohan,    Alexander 31 

Clohan   Farm,   Limestone   Outcrop.  .  .453 

Cloudy  Days  at  Martinsburg 103-4 

Clyde  System  of  Lime  Hydration.  .  .490 

Coal  Analyses 350,  355,  356,  35S 

Coal    and   Glass-Sand    Resources. 321-360 

Coal    Measures 42 

Coal,    Quantity   to    Burn    Cement.  ...  506 
Coal,  Quantity  to  Burn  Lime.  .  .478,  479 

Coal   Resources   of   Area 345-360 

Coastal    Plain 35     79 

Cobleskill    Limestone 228 

Coefficient  of  Wear,  French,  of  Rocks 

570 

Coefficient  of  Wear,  French,  Test.... 

568,   569,  570 

Coeymans    Fauna 238 

Coeymans    Limestone 228 

Coeymans  Member 228,  229,  230 

Color  of  Burned  Clay  Ware 514 

Color  of  Burned  Clays 523 

Columnar    Section 114-115 

Commercial   Fertilizers,   Limestone   In- 
gredient  In 379-380 

Commercial     Slate 592-5 

Comparative  Cost  of  Power 598-600 

Complex    Rivers 49 

Composition    of    Cement 507 

Composition  of  Clay 512,   513-15 

Composition  of   Glass 321-7 

Composition   of  Glass-Sands 331-2 

Composition  of  Natural  Cement  Lime- 
stones  495,   496,  497.   498 

Conclusion    (Coal    Fields) 359-60 

Concrete    Blocks 509 

Concrete,    Mixing 50S-9 

Concrete,    Reinforced 509-11 

Conditions,    Forest,    Original: 

Berkeley    County 30 

Jefferson   County 31 

Conditions,   Forest,   Present: 

Berkeley  County 31 

Tefferson    County 32 

Morgan    County 29-30 

Conditions  for  Oil  and  Gas 604-5 

Conditions.  Weather,  Average,  at  Mar- 
tinsburg  104 

Conformity   <•  •,■  .110 

Conococheague    Limestone 

115.   110,   2S4-92,  420-2,  562,   591 

Correlation    292 

Outcrops 289-92,   564 

Road    Tests 579 

Sections 287,    288,    289 

Consequent   Streams 50 

Continuous  Kilns 484,   529-80 

Cool    Limes 476 

Corniferous    I  imestone 42 

Con  asion   518 

(',,u  elation : 

Antietam    Sandstone 314 

Catskill    Formation L81  8 

Chambersbm  ■■    I  imei  tone 266 

Conococheague  Limest6ne 292 

Martin  bur?    Shale 260 

Pocono    Formation 158  166 

Stones    Rivei    I  imei  tone 21 5  8 

Waynesboro    Formation 309 
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I  'age 

Corrosion    513 

Cost  Data  on  Manufacture  of  Lime. 485-7 

Cost  of  Cement  Plants 507 

Cost   of   Hydrating    Lime 491 

Cost   of   Kritzer    Machinery    for    Lime 

Plant ". 491 

Cost   of   Macadam    Roads 565 

Cost   of   Power,    Comparative.  ..  .598-600 

Cost   of   Producer-Gas   Plant 482 

Cost   of    Raw    Materials    for    Pig   Iron 

Manufacture 590 

Cover  of  Clays,  Amount 521-2 

Cover,   Oil   and  Gas 604 

Crawford   Paving   Co 379 

Crops,    Value   of 27 

Cross-Bedding    108 

Cross-Sections    of    Limestone    Belts, 

Analyses,   etc 436,   443,  446 

Crushing  of  Stone   (Glass-Sand)  .329-330 

Cryptozoon    Cherts 276,    286 

Crystalline   Rocks 113,   319-20 

Cumberland  Natural  Cement  Lime- 
stone   495,    496 

Cumberland  Valley  &  Martinsburg   R. 

R 13 

Cumberland    Valley    R.    R 

12-13,  451,  452,  468 

Cumberland  Valley   R.    R.   of  Pa 13 

Cumberland   Valley   R.    R.,    Elevations 

._ 39,    608 

Cumbo,   Estimates  of   Limestone   Near 

452 

Cumbo,    West,    Section    (Conoco- 

cheague) 288 

Cumbo   Yard,    Road   Tests 579 

Cushing    256 

Cutting    of    Brick 526 

Cuyahoga    Formation 166 


D 


Dale,   T.   Nelson 133,  257,  594,  595 

Daly     388 

Dana     255 

Dangers   to    Lime    from    Reinforced 

Draught 480 

Darke,    General 20 

Darkesville,    Beekmantown    Limestone 

441 

Darkesville-Bunker   Hill   Division.  .456-8 

Darkesville,    Description 19 

Darkesville,    Road   Tests 581 

Darton,  N.  H.131,  188,  209,  230,  256,  261 

Davis 35,    44,    50,   394 

Davis  Paper  Plant 492 

Days,   Hot,    (at   Martinsburg) 95 

Days,    Minimum  below   32° 96 

DeButts,    Dr 602 

Decker   Pattern   Kilns 485 

Deckers    Ferry    Limestone 228 

Definitions,    Geological 106-113 

Definitions,    Stream 49-51 

Deformation     112-113 

Dehydration    Period 528 

Delthyris    Shaly    Limestone 228 

Dendritic   Arrangement 34,    50 

Dens'ty  of  Clays 517 

Density    of    Population 27 

Department   of   Agriculture 566 

Deposits     Marl 393-6 

Description,   General: 

Berkeley    County 16-21 


Page 
Description,    General: 

Climate    82-7 

Jefferson    County 22-27 

Limestone   Quarries  and  Plants.... 

396-416 

Limestones   of   Area 361-8 

Morgan    County , 14-16 

Destruction   of   Roads,   Agencies.  .  .566-7 
Destruction,    Timber,    Morgan    Co.... 29 
Development,    Historical    and    Indus- 
trial  1-32 

Development  of  Country,  Influence  of 

Topograpny   on 79-81 

Development  of  btream  Valleys. .  .48-51 
Devils  Nose,  Meadow  Branch,  bection 

149-150 

Devils    Nose,     Meadow    Branch,     bec- 

tion,    Condensed 151 

Devils    Nose    bection 152 

Deviis   Nose,   Shale  Test 547-8 

Devonian 

41-2,    113,    114,    116,    167-186,    187-208, 

209-219     220-239,    544-5,    548-51,    560, 

591,   596 

Devonian     (Catskill) 167-1S6 

Devonian    (Chemung,    Portage    and 

Genesee) 187-208 

Devonian    (Hamilton,    Marcellus   and 

Onondaga) 209-219 

Devonian    (Oriskany   and   Helderberg) 

220-239 

Devonian  Sandstone 591,   596 

Devonian    Shales 544-5,    560 

Devonian   Snales,   Tests 548-551 

Diagram    Cr-oss-Section,    Beekmantown 

Limestone 436 

Diagram    Cross-Section,    Stones    River 

Limestone 446 

Diagram    Cross-Section,    Upper   Stones 

River  Limestone,   Bore  Hole 443 

Diamond   Drill   Borings.  .  .366-7,  442,  444 

Dickson,   J.   H 602 

Dip    108 

Direct   Steam    Power,    Cost   of 598-9 

Direction,  Wind,  at  Martinsburg.  .  .105 
Distribution  of  Road  Materials.  .  .559-65 

Divisions,    Topographical 35-40 

Dolomite     383-93 

Dolomites     310-11 

Dolomites,    Analyses.  .  .383   384,385,386 

Dolomites,    Origin    of 387-9 

Dolomites,   Origin  of  W.   Va 389-393 

Dolomites,    Stones   River 386-7 

Dolomites,   Tests  by   U.    S 570 

Dolomites,   Uses  of 382-3 

Dolorrrtic    Limes 476 

Down-Draft     Kilns 529 

Downey  &  Thompson,  Road  Tests.  .\J576 
Draught,  Forced  and  Induced.  .  .479-482 
Draw-Kilns,  Iron  and  Steel  Shell.. 484-5 

Driers,    Progressive   Tunnel 527 

Dry    Pan 525 

Dry  Run 66 

Drying  of   Brick 527 

Drying  of   Glass-S'and 331 

Drying   Treatment,    Brick   Tests 546 

Duffields,    East,    Section    (Elbrook).  .299 

Dug-Out   Kilns '. 483 

Dunmore   County,    Va 4 

Dunmore's    War 6 

Dupuy    Mill,    Dolomite 384 

Dutton    118 
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Eagle  Schoolhouse  Limestone  Outcrop 

452,    466 

Early   and   Late   Frosts 96-7 

East'  Quarry   Belt 272 

Eastern    Panhandle — A    Logical    Field 
for  Iron  and  Steel  Industries.  .587-90 

Eden    Formation 261 

Edgewise    Beds 281,  285,  290,  291 

Eggstone    (Oolite) 285 

Edison    Roll    Crusher 413 

Elbrook    Limestone    Formation 

115,  116,  284,  292-301,   422-3 

Outcrops 293-301,    563,    564 

Red  Clay  Over 532,  558 

Road    Tests 578 

Sections 294,   297,   299,  300 

Tripoli    Sandstone 597 

Eldred    Process   of   Lime   Burning. .  .481 

Electric    Power 597-600 

Electric  Power,   Purchased,   Cost  of.  . 

599-000 

Elevation   of   Peneplains 46 

Elevation,  Range  in 2 

Elevations 

(See  Levels  Above  Mean  Tide) 

Elevations,   B.  &  O.   R.   R 

39     607,    616-622 

Elevations,   Cumberland   Valley   R.   R. 

39,    608 

Elevations,   Panhandle  Area.  .84,  607-622 

Elevations,   W.    Va.,   Average 84 

Emley    475 

Emmons    255 

Encrinal    Limestone 230 

Engine    Sand    Production 345 

Engle    Quarry,    Analyses 303,425 

Engle   Station,    Road  Tests 583 

Engle    Station,    Section    Northwest 

(Waynesboro) 307-8 

Equivalent  Value  of  Ground  Lime, 
Lime  Hydrate  and  Ground  Lime- 
stone  3S1 

Erosion     111-112 

Estimated    Limestone   Tonnage 

441,  450,   452,  453,  454,  456,  458,  460, 
461.   464,   471,  473,  474 

Evans  Run 65 

Evans  Run,  Limestone  Outcrop 

452,    453,    461,    462 

Evans  Run,   Shale  Tests 555-6 

Evitts    Run 67 

Evolution  of  the  North  American  Con- 
tinent  40-43 

Examination  of  Clays  and  Shales.  .523-4 
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Fairfax,   Lord 4,  16 

ii. 36,   79 
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ilation     27 
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451    160 
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Falling  Waters,   Road  Tests 5S2 

Falling    Waters    Run 77 

Falling  Waters,  Section  %l/z   Mi.  North 

268-9 

Falling   Waters,    West  of,   Belt 45S-9 

Farms,    Berkeley    County 17,  2S 

Farms,    Jefferson    County ;..28 

Farms,    Morgan    Couniy 27 

Fat    Limes 476 

Faulkner,    C.    J 30 

Fauikner    Farm,    Iron    Ores 586-7 

Faults 110,    111,    112 

Faults,    Normal Ill 

Faults,    Reverse 112 

Feldspar    Family 512 

Ferrel    Ridge 74,    75 

Ferrel   Ridge  Anticline 127 

Ferrel   Ridge  Chert  Roads 563 

Ferrel   Ridge   Section 244-5 

Fertilizer,   Limestone   for  Land.  ..  .380-2 
Fertilizers,    Limestone    Ingredient    in. 

379-3S0 

Fifth   Oil   Sand 179 

Fifty-Foot    Sand 178 

Figures    1    to    20 

(See   Introductory   Matter) 

Fire     Clays 521 

Fire-Proof    Buildings 510 

Fire    Shrinkage 517 

First    Settlement 5 

First    Steamboat 5-6 

Fishers   F"ord,   Section  West  of    (Port- 
age)  206-7 

Fissure    Springs 600 

Fissures    110 

Flint  Glass  Composition 322 

Flint,    Black 469 

Flowing    Springs   Run 67 

Flux,    Furnace,    Formulae 370-2 

Flux,    Furnace,    Stone 365,  36S-377 

Flux,    Furnace,    Valuation   of   Lime- 
stone   for 369-374 

Fluxing  Limestone  Belts,  Low  Silica. 

, 434-474 

Foltz,    Limestone    Outcrop 472 

Foltz    Section    (Beekmantown) 279 

Fontaine,   Wm.   M 130,  162,  163 

Fool's   Gold 606 

Forced   Draught   in   Kilns 479-S1 

Forest  Conditions,  Original: 
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Jefferson    County 31 

Forest   Conditions,   Present: 

Berkeley    County 31 

Jefferson    County 32 

Morgan    County 29-30 

Forest  Hill   Lime  Works,    Road  Tests 

571-2 

Formation,     Berkeley    County 3 

Formation,    Jefferson    County 4 

Formation,   Morgan   County 4 

Formation  No.  VI 227 

Formation   No.   VII 220 

F'ormation  No.  X 136 

Formation,   Wist    Virginia 7 

Formations,    Columnar    Section ..  .114-15 
Formations  of  Area,   Classification.  .116 

Foi  mill. ir  : 

Calculating    Furnace    Flux 370-2 

Cemenl    Materials 409-60] 

o  ity    546 

Valuation  of  Limestone  for  I. inn-.. 

487  !i 

Fossil    Plants in,  ir.3.  166,  157 
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Bossardville   Limestone 245 

Chemung    194 

Clinton     252 

Hamilton 215,    216 

Helderberg     233-9 

Marcellus     218 

Martinsburg   Shale 260-1 

Niagara    251 

Onondaga    219 

Oriskany    226 

Portage 201,   202,   203,  204,  205 

Stones    River 275 

Franklin   R.   R.   of  Pa 12,  13 

Frasch    484 

Frazer,   Persifor 131,  350,  356,  357 

Frederick    County,    Va 3,  7 

Freight   Rates,  Apples,   etc 18 

Freight    Rates,    Flux,    etc 366 

Freight   Rates,   Ground   Limestone. .  .382 
French   Coefficient   of   Wear   of   Rocks 

570 

French   Coefficient  of  Wear  Test 

568,   569,   570 

Frosts,   Early  and   Late 96-7 

Frosts,   Killing,    at   Martinsburg 97 

Fuel   for  Brick  Manufacture 530 

Fuel   for  Cement  Manufacture 504 

Fuel    for   Glass    Manufacture 324-5 

Fuel    for    Lime    Manufacture 478-9 

Fuel   Ratio  of  Coals 356-7 

Fulk   Farm,   Limestone   Outcrop 454 

Furnace    Flux 368-377 

Furnace  Flux,  Formulae 370-2 

Furnace   Flux,  Valuation  of  Limestone 

for 369-374 

Furnace    Run G7 

Fusibility    515-16 
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Fusion,    Temperatures    of 516-17 


Galena    Limestone 255 

Gantz    Sand 178 

Gas,    Natural,   and   Oil 603-6 

Gas  Purification,   Use  of  Lime  in.  .  .493 

Gas    Sands  of   Catskill 178-9 

Gates,    General 23 

Geiger,  H.   R 131 

General   Description: 

Berkeley    County 16-21 

Climate    82-7 

Jefferson   County 22-27 

Limestones   of   Area 361-8 

Low  Silica  Fluxing  Limestone  Belts 

434-474 

Morgan    County 14-16 

General  Geology  and  Structure.  .106-135 

Genesee  Black  Shales _ .208 

Geographic  Influence  in  American  His- 
tory  , 80 

Geological    Definitions 106-113 

Geological   Section    (Columnar)  .  .114-115 
Geological   Society   of  America,   Bulle- 
tin   

182.  187,  226.   228,  256,  275,  309,  387, 
388 
Geological  Structure  in  Area.  ..  .117-129 
Geological   Work  in   Area,   Previous.. 

129-135 

Geology,    Definition 106 

Geology,   General,   and   Structure 

".....- 106-135 

Geology  of  Virginias 348 
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Geology    (Part    II) 106-320 

Geology,    Structural 108 

Georgian 116,   284 

Gerrard,    Rev.    John 6,    20 

Gerrardstown,    Description 20 

Gerrardstown   District    (Berkeley)  : 

Area    2 

Population    27 

Gerrardstown  Quadrangle,  Levels. 610-12 

Gerrardstown,    Road    Tests 580 

Gilmore    495 

Glacial     Epoch 43 

Glass,    Ingredients    of 322 

Glass  Limestone,  Available  Market  for 

378-9 

Glass    Manufacture 321,    377-9 

Glass    Plant    Centers 325 

Glass-Sand  Analyses 

321-2,    331-2,    333,    335,   336,    338,   339, 
341,    343,   344 
Glass-Sand  and  Coal  Resources.  .321-360 
Glass-Sand    Plants,    Operating.  .  .332-341 

Glass-Sand,    Preparation    of 327-331 

Glass-Sand  Production 345,  378 

Glass-Sand    Quarries 328-9 

Glass-Sand   Used   in   Manufacture   of 

Glass 325 

Glass-Sands    321-345 
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Greenbrier    Formation 42 

Greenbrier    Limestone 116,  136 

Greenbure,  Limestone  Outcrop.  .467,  470 

Griffith,   William 

:.132,   134,   350,   351,   352,   353 

Ground   Lime,   Value  of 381 

Ground    Limestone,    Freight    Rates    on 

382 

Ground    Limestone,    Value   of 381 

Guerard,    A.    R 349 

Gufifey,  Col.  J.  M 360 

Gypsum    Plasters 493 

H 
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Hainesville,  Limestone  Outcrop. 450,  451 
Hale   Quarry,    Road   Tests 582 
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Hall 188,   189/  292 

Hamilton    Formation 

42.  114,  116,  209-219,  548-50,  552,  577, 
591 

(Chapter    VIII) 209-219 

Fossils    215-16 

Outcrops    213 

Sandstone    591 

Sandstone,   Road   Tests 577 

Sections    213-16 

Shale 114,    116 

Shale,  Tests 54S-50,  552 

Hancock  Plant  (Glass-Sand)  .  .329,  332-5 
Hancock  Quadrangle,  Levels. 609,  619-20 
Hancock   Section,   East  of   (Chemung) 
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Hancock   Section,   East  of   (Hamilton) 

216 

Hancock  White   S'and   Co 332 
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Hannis  Distillery  Co 21 

Harbison-Walker    Refractory    Co.... 341 

Hardening  of   Lime   Mortar 477-S 

Hardness    of    Rocks 570 

Hardness  Test 567-8,   569,570 

Hartnagel    228 

Harland   Run 77 

Harper,    Robert 24 
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383,    384 
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Harpers    Ferry    Paper    Plant 492 

Harpers   Ferry,    Quarry    and   Plant... 

403,    490 

Harpers   Shale 115,  116,   284,  315-316 

Harpers    Shale,    Outcrops 315-316 

Harrisburg    Peneplain 45,    46-7,    48 

Hayes   35 

Heavy  Traffic,    Limiting  Values 570 

Hedges,    Hezekiah 20 

Hedges  Mountain,  Section  Opposite 

(Catskill) 177 

Hedges  Shale 114,   139,   151-4,   348 

I  redgesville,    Description 20 
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563 
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1-32 
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History   of   Glass   Industry 324-5 
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11,   12,   17 
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Home-Made   Kilns 482-3 
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Hot    Limes 476 
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Houck   Farm,    Shale   Tests 556 

Howe,    H.    C 85 

Howe,  Henry 2,  5,  24,  25,  26 

Hudson    River    Shales 254,255 

Hunter,    Hammond 353,    354 
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Hydration  of  Lime 489-491 
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Indian   Tribes 4 
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[nwood,    Road   Teats 577,  578 
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Lumber    Industry 32 
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Present  Forest   Conditions: 

Berkeley  County 31 

Jefferson   County 33 

Morgan    County 29-30 

P'ressure,    Oil   and   Gas 605 

Preston  County  Section   (Pocono)  .  .  .  161 
Previous   Geological  Work  in  Area.  . . 

120-135 

Price  of  Limestone  Lands 473 

Process  of  Manufacture  of  Brick  and 

Tile 524-530 

Process  of  Manufacture  of  Cement. 505-8 
Producer  Gas  in  Lime  Manufacture. 482 

Producer   Gas   Plant,   Cost   of 482 

Production  of  Portland  Cement 494 

Production  of  Sands  in  W.  Va.  .345,  378 

Profits  in    Clay   Industries 543 

Progressive    Tunnel    Driers 527 

Pronty,  Wm.  F 249 

Properties    of    Stoneware    Clay 520 

Prospect  Hill   Road,   Chert   Belt 563 

Prospect    Hill    Road,    Limestone    Out- 
crop   450,   452 

Prosnecting   and    Location    of    Cement 

Mills.. 501-5 

Prospecting  for  Clays  and  Shales.  .521-4 
Prospecting    for    Clays    and    Shales, 

Tests 523-4 

Properties  of  Clays    Physical.  ..  .515-521 

Prosser,    Charles    H 

132,  165,  192,  202,  210,   212,   215,  217, 
218,  261 

Proximate   Analysis   of    Coals 357 

Pug-Mill    525 

Pulaski    STiale 139,   154-6 

Pulverizing  Mill,  Hancock   Plant.... 334 
Purchased  Electric-Power,  Cost.  .599-600 

Pure   Limes 476 

Purslane   Mountain 69-70 

Purslane    Sandstone 

114,   139,   146-151.   591 

Pyrites    606 

Q 

Quaker   Settlement 6 

Quantity    of    Low    Silica    Limestone 

Available 

441,  450,  452,  453,  454,  456,  458,  460, 
461,  464,  471,  473,  474 
Quantity    of    Portland    Cement    Pro- 
duced      494 

Quarries,   Glass-Sand 328-9 

Quarries,    Limestone,    and   Plants     De- 
scription   396-416 

Ouarries,    National    Limestone    Co.... 

" 409-412 

Ouarry,   Berkeley  Plant 335-6 

Quarry,  Berkeley  Springs  Sand  Co.. 338 

Ouarry,  Hancock  Plant 334-5 

Quarry,  Pittsburgh  Plant 337 

Quarry,    Potomac   Cement   Co.    (Shep- 

herdstown) 496-8 

Quarry,  W.  Va._  Plant 336-7 

Quaternary  Division 43 

Quicklime    475 

R 

Railroad  Levels 607-8,   616-22 

Railroads    10-14 

Rainfall 84,    98-102 

Rainfall,   Monthly  and  Annual: 

At    Harpers   Ferry 100 

At    Martinsburg 99 
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Rain-Gauge    87 

Rainy  Days  at  Martinsburg 103-4 

Range   in   Elevation 2 

Raw   Materials,    Portland   Cement, 

Sources  of 500-1 

Raymond    Brick    Co 537 

Records,   Well,   of  Pocono 165 

Red    Medina    Sandstone 253 

Refractory    Clays 518 

Reinforced   Concrete,   Uses 509-11 

Repressing  of   Brick 526-7 

Reservoir,  Oil  and  Gas 604 

Resistance   to    Wear 569   570 

Resources,   Mineral 321-606 

Cement   493-511 

Coal    345-360 

Glass-Sand    321-345 

Iron  Ores   and  Other 584-606 

Lime    475-493 

Limestone    361-433 

Portland   Cement 498-501 

Resources  of  West  Virginia.  ..  .349,  602 
Resources,    Timber,    and    Lumber    In- 
dustry  28-32 

Resume    (Physiography) 77-8 

Resume    (Low    Silica   Fluxing   Lime- 
stone   Belts) 473-4 

Reverse   Faults Ill 

Revived    Streams 50 

Ribbon    Limestone 241 

Rich    Limes 476 

Riddlesburg   Gap    Section 160,101 

Ridge   Area 71-6 

Ridge  Store  Lime  Plant 432 

Ridgely    Sandstone 221 

Ridgeway,    Limestone    Outcrop 457 

Ridgeway   Station,    3   Mi.   East,    Lime- 
stone   Outcrop 468 

Ridley    Limestone 275 

Ries,    Dr.    Heinrich 514,  534,  535 

River    Gravels 596 

Rivers    ?"p 

Road    Materials 559-5S3 

Road    Materials   and    Clays    (Chapter 

XVII) 512-583 

Road   Materials,   Distribution 559-565 

Road    Materials,    Methods    and    Inter- 
pretation of  Tests 565-570 

Road  Materials,   Tests  in  Area.  .570-583 

Berkeley    County 574-6 

Berkeley   County    (1916) 576-5S2 

Jefferson   County 582-3 

Morgan    County 570-4 

Road    Ridge 7° 

Roads,   Macadam,    Cost  of 565 

Roads    Mileage  in  Area 565 

Rochester    Shale 249 

Rock   Gap   District    (Morgan): 

Area   •* 

Population    *} 

Rock    Gap    Run 61 

Rock   Marsh    Run -66 

Rock  P'ressure,   Oil  and  Gas oU& 

Rock    Products • 487 

Rock   Structure,   Oil   and   Gas 605 

Rockwell   Formation 114,  139-145 

Rockwell    Run 54-5 

Rockwell    Run    Section 140 

Rogers    Bros 119 

Rogers,    H.    D 348 

Rogers,   W.    B ■ 

129-30,    136,    138,    168,    256,    349,    360, 
361 

Roman    Cement 494 

Romney    Formation 167 
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Romney,    Settlement 5 

Rondout    Limestone 228 

Rondout    Waterlime    Formation 

114,  116,  241,   245-S,  42S-9 

Outcrops     246-7 

Section    247-8 

Roofing  Tile 519 

Rosendale    Formation 246 

Rosendale   Natural   Cement   Limestone 

495-6 

Rotary   Kilns 505-6 

Roundtop   Natural    Cement    Limestone 

495 

Rowe,    Dr 216 

Rowlesburg    Section    (Pocono) 161 

Russell    Formation 309 

Rumsey.    James 5,    26 

Rumsey,   James,    Steamboat 5-6 


Safford,    J.    M 275 

St.   Louis  Cement 507 

Salina    Formation. 41,  114,  116,  240,  241-8 

Saline  Springs 601 

Salt-Cake    in    Glass   Manufacture.  ..  .322 

Salts,    Bitter,   in   Clay,   Test  for 523 

Samples  of   Limestone   for   Analysis.. 

502-3 

Sampling  of  Clays  and   Shales 522 

Sand  and  Gravel 595-7 

Sand,     Devonian 596 

Sand  in  Clay,  Test  for 523 

Sand  Industry  in  W.  Va.,  Statistics. 345 

Sand,   Medina  White. 596 

Sand,   Oriskany 595 

Sand,    Tripoli 596-7 

Sandstone,  Tests  by  U.   S 570 

Saratogan 116,    284 

Schooley  Peneplain 44-5,  46,  47 

Schoppert   Ford   Road 563 

Schoppert  lord  Road,  Limestone  Out- 
crop   464 

Schuchert...l66,  226,  227,  228,  231,  233 

Scrabble,    Limestone    Outcrop 472 

iing    of   Glass-Sand 330 

Sections,    Geologic: 

Berkeley    Springs,    Just    East.  ..  .204-5 

Berkeley    Springs,    South    of 219 

Berkeley  Springs,  3  Mi.  East 203 

Berkeley    Station 264 

I'.irkeley    Station    (Beekmantown)  .  . 

279 

Bunker  Hill,'  South! '. '.'.......'.'.'.  !271 

1    11,    Northeastern,   Pa 169 

Chambersburg  (Pa.)  (Beekmantown) 

278 

Chambersburg   (Pa.)    (Chambers- 
burg)   262 

Chambersburg  (Pa.)  (Stones  River) 

268 

Charlestown,  Near  (Conococheague) 

289 

1        lei  town,   s r .  1 1 1 ]  1    (Elbrook) . .  .  .300 

Cherry  Run,  West  of 233 

itnnar   Ill  LIS 

.'.'■'  1    (<  lonococheague) . .  .288 

1  ■  idov     1 1]  ancfa 

L60  60,    LB1,    IBS 

Duffii  d  .    1   ■  '    (Elbrool  1 209 

,    Station,   Norths  ei  t   |  W"aj  ne 

,801  B 

Pal!  Mi.   North-.    !8    9 

I       [(  244-6 

■  •      I  ord 
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Sections,   Geologic: 

Foltz    (Beekmantown) 279 

Grasshopper    Run    (Bossardville) .  .244 

Grasshopper    Run    (Niagara) 250 

Grasshopper   Run    (Rondout   Water- 
lime)  247 

Great  Cacapon,   Opposite: 

(Bloomsburg)     248 

(Helderberg)    232-3 

(Middle    Devonian) 215-216 

(Niagara)    250 

(Oriskany)     225 

Hancock,    East    (Chemung) 194 

Hancock,   West   (Hamilton) 216 

Hedgesville,   South   (Elbrook) 294 

Hedgesville,   West 214 

Lineburg    142 

Little   Orleans    (Chemung) 195-6 

Lock  53   (Md.)    (Keefer) 249 

Martinsburg,    South 270 

Meadow  Branch 161 

Millville,  East  of  (Tomstown) ...  .312 
Moler   Crossroads,    Northeast 

(Waynesboro) 305-6 

North   Bank  Potomac  on  W.  M.   Ry. 

(Catskill) 175-6 

North    Mountain,    North   of,   on    Po- 
tomac  213-214 

Opequon    Creek 264 

Opequon  Creek,  Mouth  of 270 

Orebanks     (Tomstown) 310-311 

Orleans   Road 142 

Orleans   Road,   East   of 148 

P'ortage     202-7 

Potomac    River    (Elbrook) 294 

Potomac   River,    North   Bank    (Cats- 
kill) 175-6 

Potomac  River,   North  of  North 

Mountain 213-214 

Potomac   River   (Stones  River)  .  .26S-9 

Riddlesburg  Gap  (Pa.) 160 

Rockwell    Run 140 

Rowiesburg    (Catskill) 178 

Shcpherdstown,   East   of    (Elbrook). 

297 

S'houps    Run    Gap    (Pa.) 160 

Sideling    Hill 142,    143 

Sideling  Hill,  Above  C.  &  O.  Canal 

148 

Sideling  Hill    (Catskill),    Pa 170 

Sideling  Hill,   Coal  and  Shales 346 

Sideling  Hill,   East   Side  of 148 

Sideling  Hill   (Huntingdon  Co.,  Pa.) 

159 

Sleepy    Creek    (Catskill) 176-7 

Sleepv  Creek   Mountain,   West   Slope 

Ill 

Spring  Mills,   West  of   (Conoco- 
cheague)   287 

Tci  race    Mountain     (Pa.) 160 

Third  Hill  Mountain,  East  of  Myers 

...153 

Third   Hill  Mountain  (Myers  Shale) 

155 

Tomahawk,  Near  (Heblerberg)  .  .  .284 
Tomahawk    (Oriskany) 226 

Whites    Cap 155 

Winds   Cap    i  Knkerton) 168 

Whitings   Neck,  West   of    (Beekman 

town) 280 

Woodmont,  East  of  (Portage) .... 206 
Woodniont,    2    Mi.    South    of    (Che 

mung) 196-7 

Sections,     Limestone     Analyses,     etc.. 

186,    148,    146 
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Security  Lime  &  Cement  Co 

.408,    451,   575,    581 

Security-Standard   Division  of  Ouarry 

Belt 450-4 

Sedimentary     Rocks .107 

Sedimentary   Rocks,    Classification   of. 

113-115 

Sedwick    284 

Seger    Cones    516 

Setting   of   Lime   Mortar 477-8 

Sett'ng    of   Plaster 476 

Settlement,    First 5 

Sewer-Pipe    Manufacture 519 

Shale   Gravel   Test,   Cherry   Run.. 548-50 

Shale    Pits 522 

Shale    Roads 563-4 

Shale  Tests  by  U.   S 570 

Shales    and    Clays 512-559 

Other     543-5 

Prospecting    for 521-4 

Tests    523-4 

Shales,   Brick,   Tests 545-558 

Shales,  Tests  on: 

Berkeley    County 552-7 

Jefferson    County 558-9 

Morgan    County 547-51 

Shannondale  Ferry  Iron  Ores 585-6 

Shenandoah   Co.    (Va.) 4 

Shenandoah    Falls 24 

Shenandoah    Limestone 256,  261,  361 

Shenandoah    Limestone    Group 562 

Shenandoah    River 7-8,    66-8 

Shenandoah    Slate    Co 592-3,594 

Shenandoah    Valley    Railroad 13 

Shenango    Group 165 

Shepherd,    Captain   Thomas 5   26 

Shepherd   Coal    Shaft 353-4 

Shepherd    College 26 

Shepherdstown   Brick   Plant 532-3 

Shepherdstown    Cement    Co 495 

Shepherdstown   Cement   Plant 494 

Shepherdstown,    Description 26-7 

Shepherdstown  District   (Jefferson) : 

Area   2 

Population    27 

Shepherdstown  Natural  Cement  Lime- 
stone   495,  496 

Shepherdstown,    Section    East   of    (El- 
brook)  297 

Shepherdstown,     Settlement 5 

Shipley,    Louis 29 

Shooo    Kiln 481 

Shoot),    S.   W 449 

Shoups  Run  Gap   (Pa.)    Section.  160,  161 

Showers.  Geo.  E 576 

Shrinkage,    Air   and   Fire 517 

Shrinkage   of    Clay,    Test    for 523 

Shriver    Cherr 221 

Sideling  Fill   Coal  Field 346-7 

Sideling  Fill  Coal  Sections 346 

Sideling  F'll  Mountain 69-70 

SWeling  Fill   (Pa.)    Section   (Catskill) 

170 

Sideling  Fill   Section 142,   143 

Sideling  Fill    Section,   East   Side 148 

SHel'ng  Fill   Section,   Above   C.   &  O. 

Canal 148 

Sideling    Fill    Section    (Funtingdon 

Co.,    Pa.) 159,   161 

S'ideling  Fill   Syncline 121-2 

Silica   in    Glass   Manufacture 322-3 

Silurian   Perfod 41,   113,   114     116 

Silur'an    Subdivisions 240-1 

Silurian   System    (Chapter  X)... 240-253 
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Silver    Spring    Run,    Limestone    Out- 
crop   469 

Sir   Johns    Run 61 

Sir  Johns   Run,    Fossils   from 252 

S'ir  Johns   Run,    Road   Tests.  ..  .573,  574 

Sir  Johns  Run,  Shale  Tests 547-8 

Sir  Johns   Run   Station,   Iron   Ores.  .587 

Sixth    Sand 179 

Size   of  Kilns 529,   530 

Slaking  of   Clays,   Test   for 524 

Slaking    of    Limes 4S9-491 

Slate    257 

Slate  Analyses 593 

Slate,    Commercial 592-5 

Sleepy    Creek,    Catskill    Section.  ..  .176-7 

Sleepy    Creek,    Description 59-61,73 

Sleepy   Creek   District    (Morgan) : 

Area 2 

Population    27 

Sleepy    Creek    Mountain 73 

Sleepy  Creek  Mountain,  Section  (West 

_  Slope) 144 

Sleepy   Creek,    Shale   Tests 550-1 

Sleepy  Creek  Station,   Catskill  Section 

....177 

Slickenside    Surfaces .111 

Smithfield   Pike,   Limestone  Outcrop. 471 

Snowfall    97-8 

Snowfall,    Monthly    and    Annual,    at 

Martinsburg 98 

Snyder,    Walter,    River    Clay   Analysis 

539,   543,  544 

Soap  Manufacture, .  Use  of  Lime  in. 493 

Soda-Ash  by  Solvay  Process 380. 

Soda-Ash    in    Glass    Manufacture.  ..  .322 
Soda  Process  in  Paper  Manufacture. 492 

Somerville  Peneplain 45-6,   47,   48 

Sour    Lands 380 

Sources  of  Raw  Materials   (Lime). 500-1 

Specific   Gravity   of   Clays 517-518 

Specific   Gravity   of   Rocks 570 

Specific    Gravity    Test 569 

Specifications  for   Cement 507-8 

Speer,   N.    0 343 

S'peer  White   Sand   Co 337-8 

Spirifer    disjunctus 188 

Spottswood,    Alexander 4 

Spottsylvania  Co.    (Va.) 2 

Spring  Gan  Mountain 69 

Spring   Mills,    Chert   Belt 563 

Spring  Mills,   Road  Tests 580 

Spring  Mills,  West  of,    Section    (Con- 

ococheague) 287 

Springs,    Mineral 600-3 

Spruce   Knob,   Elevation 84 

Square   Stone   Kilns 484 

Squaw    Sand 164 

Standard   Kilns    (Dolomite) 383 

Standard  Lime  &  Stone  Co 

266,  426,  450,  451,  452,  453,  451,  456, 
458,  464,  490,  576    582,   583 

Standard  Limestone  Co 384,  450 

Standard    Ouarries 270 

Standard  Ouarry  and  Plant 396-403 

Standard-Security  Division  of  Quarry 

Belt 450-4 

State  Normal   School 26 

State    Road    Bureau 565 

Statistics,    Agricultural 27-28 

Stati?t:cs,    Population 2T 

Statist-'cs,   Sand   Industries  in   W.   Va 

345 

Staunton   &   Parkersburg  Turnp:ke.  .  .  .  9' 

Staunton    Folio 209' 

Steam    Power,    Direct,    Cost    of 598-S) 
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Steam  Turbine  Power,  Cost  of 599 

Steamboat,   First 5-6 

Steel    and    Iron    Industries,    a    Logical 

FieH   for 5S7-590 

Steel    Limestone,    Open-Hearth.  ..  .375-6 

Stephens,    General 20 

Stevenson,    Tohn   J 

162,   170,  "l7S,  1S7,  190,  191,   192,   196, 
197,  200 
Stewart   Farm,    Limestone   Outcrop.  .454 

Stone,    Building 590-2 

Stone,   Crushing   (Glass-Sand)  ..  .329-330 
Stonehenge    Formation. 277,  278,  279,  280 

S'tone-Pot   Kilns 484 

Stones   River  Limestone 

'  ...115.  116,  256,  265-276,  434,  441-474 

Correlation     275-6 

Dolomites    386-7 

Fossils    275 

Outcrops    271-5 

Road  Tests 575,  576,  580-1 

Stone-Wall  Kilns 483,  484 

Stoneware   519-520 

Stoneware   Clay,   Properties  of 520 

Stoneware  Plants  in  State 543 

Storage    of    Glass-Sand 331 

Stose,   George   W 

54,  59,  121,  133,  134,  135,  139,  141, 
143,  149,  153,  154,  157,  182  225,  226, 
234,  240,  241,  243,  244,  245,  246,  247, 
248,  249,  250,  251,  253,  260  261,  262, 
268,  275,  277,  278,  281,  284,  285  288, 
292,  301,  309,  314,  315,  316.  346,  347, 
602 

Stoughton    ., 375 

S'tream  Valleys,  Development  of...4S-51 

Streams     34-35 

Streams   of   Area 51-68 

Strike    of    Rocks 108 

Stripping   of    Limestone 367-8 

Structural    Geology 108 

Structure  and  General  Geology  (Chap- 
ter   IV) 106-135 

Structure,  Geological 117-129 

Structure,   Rock,  Oil  and  Gas 605 

Structure,    Valley 129 

Stuart,     Ouoted 5-6 

Subdivisions   of    Helderberg 226-230 

Subdivisions    of    Ordovician 254-6 

Subdivisions   of    Silurian 240-1 

Subsequent    Streams 50 

Purification,  Use  of  Lime  in.. 493 
Sulphite     Process    in    Paper    Manufac- 

492 

Sulphur   Spring    Run.    Limestone   Out- 

460 

Sulphur    Springs 601 

Summary   of   Estimated    Limestone 

'I  onnage 174 

Summit    Point,    Limestone  Outcrop... 

168,    169 

Summit    Point,    Road   Tests 582 

Sun   ami   Moon    S]  Limi    tone 
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Swartz,  C.  K 

135,  171    18S,  189,   192,   193,   194,  195, 

196,  200,  201,  202,  203,  204,  208,  216, 

218    219,  228,  231,   240,  241 

Syncline,    Meadow    Branch 124-6 

Syncline,    Sideling    Hill ..121-2 

Synclines     109 

Syndicate    Limestone    Belt 459 

Syndicate,   Martinsburg,   Limestone 

Lands 464 


Tabb  Farm,   Limestone  Outcrop 453 

Tabler  Farm,  Pottery  Clay  Test 557 

Tabler   Farm,    Shale   Analysis 

539,   543,   544 

Tabler,  L 539 

Tablers    Station,    Limestone    Outcrop. 

454,   457 

Tablers  Station,  Pottery  Clay  Test.. 557 
Tablers  Station  Shale'  Analysis. 543,  544 
Tables  Showing: 

Average    Weather    Conditions 104 

Fair,   Cloudy  and   Rainy  Days... 103-4 
Glass,    Engine    and    Building    Sand 

Production 345 

Killing    Frosts 97 

Maximum    and    Minimum    Recorded 

Temperatures 91-2 

Mean  Monthly  and  Annual  Temper- 
ature   89 

Monthly  and  Annual  Rainfall.  .99,  100 

Monthly  and  Annual  Snowfall 98 

Monthly   Average    Maximum    and 

Minimum   Temperatures 93-4 

Number  Hot  Days  Over  S9° 95 

Number  Days  with   Minimum  Below 

32° 96 

Population    27 

Populat'on,    Density  of 27 

Value  of  Crops 27 

Wind    Direction 105 

Temperature    •  •  •  8S-96 

Temperature,   Maximum  and   Mini- 
mum  91-2,   93-4 

Temperature,    Mean    Annual 84 

Temperature,   Mean   Monthly  and  An- 
nual   89 

Temperature,  No.  Days  Below  32  ...96 
Temperature  of  Fusion  of  Clays.  516-517 

Tempering    of    Clays 524,525 

Tensile  Strength  of  Natural  Cement.  496 
Tensile    Strength   of   Portland   Cement 

507 

Tentaculite    Limestone 242 

Terra    Cotta 520 

Terra   Firma 10fi 

Terraces,    Potomac    River 51-54 

Tertiary    Period 43 

Tests   for  ('lavs  and  Shales 523-4 

Tests  on  Brick  Shales  in  Area.  .545-559 
Tests  <ni   Shale: 

I'.  rk<  ley    County 552-7 

|,  ffen  on    County 58  " 

Morgan    <  lounty 64"i  51 

1 ,    1      Road   M  aterials: 

R<  ,1  ■  ley    County 574-6 

Bi  rkelej    Countj    1  1916) 576 

/.  1 1 .1   on    County 582-8 

1  imiting    Values r,7n 

Methods  and    [nt<  rpretation. .  ,566-570 

Mm  gan   ( lounty r,~n-i 

1  1  iffii  e  ot   Public  Roads 570 
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Thermometer,   Maximum   and   Mini- 
mum   87 

Thickness  of  Catskill,  W'.  Va.  and  Pa. 

179 

Third   Hill    Mountain 74-5 

Third  Hill  Mountain  Coal  Fields 

350-3,  355 

Third  Hill  Mountain,  Section 153 

Third  Hill  Mountain,  Section   (Whites 

Gap) 155 

Third  Hill   Mountain,   Section  East  of 

(Catskill) 177 

Thirty-Foot    S'and 178 

Thompson  and  Downey,  Road  Tests. 576 

Thropp,  Joseph  E 585 

Thrust-Fault    Ill 

Tile    Clays 520 

Tile   Manufacture,   Process  of.... 524-30 

Tilh ance  Creek 64 

Timber  Destruction,   Morgan   County. 29 
Timber  Resources  and  Lumber  Indus- 
try  28-32 

Timber  Ridge  District   (Morgan) : 

Area  2 

Population    27 

Tomahawk.    Road   Tests 576,577,578 

Tomahawk  Section   (Helderberg)  . .  .  .234 

Tomahawk  Section   (Oriskany) 226 

Tomstown  Limestone 

115,   116,   284,   309-12,   425-6 

Outcrops    310-312 

Sections    310-311 

Tonnage,    Limestone,    Estimated 

441,  450,  452,  453,  454,  456,  458,  460, 
461,  464,  471,  473,  474 

Tonoloway   Limestone 241,   427 

Tonoloway    Ridge,    Helderberg   Lime- 
stone  Outcrop 561 

Topographical    Divisions 35-40 

Topography 2,   33 

Topography,  Influence  of,  on  Develop- 
ment   79-81 

Topography   of   Area 68-78 

Toughness   of    Rocks 570 

Toughness    Test 568,    569,    570 

Tourmaline 574,    577 

Traffic,    Limiting  Values  for 570 

Transportation    .....112 

Transportation,   History  of 7-14 

Transportation   to    Plant    (Glass-Sand) 

329 
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